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PREFACE

In response to a request from the Government of the Republic of Cameroon, the
Government of Japan decided to conduct the Feasibility Study on a Rural Electrification
Project in the Republic of Cameroon and entrusted the study to Japan International
Cooperation Agency (JICA).

JCA sent a study team led by Mr. Shozo Yuzawa of the Electric Power
Development Co., Ltd. to the Republic of Cameroon six times from March 1998 to
November 1999.

The team held discussions with the officials concerned of the Government of the
Republic of Cameroon, and conducted related field surveys.  After returning to Japan, the

team conducted further studies and compiled the final results in this report.

| hope this report will contribute to the promotion of the plan and to the
enhancement of friendly relations between our two countries.

| wish to express my sincere appreciation to the officias concerned of the
Government of the Republic of Cameroon for their close cooperation throughout the study.

December 1999

Kimio Fujita
President
Japan International Cooperation Agency



December 1999

Mr. Kimio Fujita

President

Japan International Cooperation Agency
Tokyo, Japan

Dear Mr. Fujita,

LETTER OF TRANSMITTAL

The Feasibility Study Report on the Rural Electrification by Small Hydroelectric
Power Development Project in the Republic of Cameroon is herewith submitted. This
Report has been prepared according to the advice received from the authorities concerned
of the Japanese Government and your Agency and, further, taking into consideration
comments of our counterparts on the Cameroonian side in technical discussions held in
Yaounde during field investigations made by the survey team.

This Report contains a summarization of feasibility studies made on the small
hydroelectric power development projects at three sites, namely, Ngambe-Tikar, Ndokayo,
and Olamze, proposed from among candidate sites for small hydroelectric power
development existing in the Republic of Cameroon. As aresult of the feasibility studies,
it is judged that the Ndokayo Small Hydroelectric Power Development Project, in
particular, is a promising project from technical and economic viewpoints as small
hydroelectric power development with the purpose of enhancing the people’s livelihood in
the districts of Garoua Boulai, Ndokayo, and Betare Oya in Eastern Cameroon.

It is recommended that the Government of the Republic of Cameroon, starting with
Ndokayo Small Hydroelectric, will next continue with the two other projects, to implement
as quickly as possible the rural electrification policy based on the new Electric Law
revised in December 1998.

It is desired to express our heartfelt thanks to your Agency, the Ministry of Foreign
Affairs, and the Ministry of International Trade and Industry for the opportunity to carry
out this survey. Further, it is wished to extend our sincere gratitude to the Ministry of
Public Investment and Regional Development, the Ministry of Mines, Water and Energy,
and SONEL of the Republic of Cameroon for their close cooperation and advice during the
period of surveysin Cameroon.

Very truly yours,

Shozo Yuzawa

Team Leader

Feasibility Study on Rura Electrification Project
in the Republic of Cameroon
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Conclusions and Recommendations

The Republic of Cameroon (“Cameroon”’) made a drastic revision of its Electric Power
Sector Law by Law No. 98/022 on December 24, 1998, and inaugurations of an Electric
Power Sector Regulating Agency and a Rural Electrification Agency as of June 15 and
September 8, 1999, respectively, were approved by President Paul Biya. This means that,
along with introduction of privatization of the electric enterprises, on the other hand,
financial and technical aid from the Cameroonian Government for promotion of rural
electrification is now ensured, indicating in essence that eliminating the chronic shortage in
supply of electric power to rural areas, thus improving the livelihood of the people is
considered indispensable for Cameroon to become economically self-sustaining.

The Survey Team, in view of such a situation and based on a total of six field investigation
trips and the results of discussions with various government agencies, conducted studies for a
program of rural electrification by means of small hydroelectric power stations.

The Survey Team carried out investigations in the field regarding Ngambe-Tikar, Ndokayo,
and Olamze which had been named by the Cameroonian Government as prospective sites for
small hydro-electric power generation projects. Hydroelectric power development plans
were formulated based on investigations of topographical and geological features of the
localities, and technical and economic studies were made. The resulting conclusions and
recommendations are as follows.

Conclusions

1. It is technically possible for an intake dam and power station to be constructed at
each of the proposed sites, while socio-economically, electrification of neighboring
rural communities through construction of a hydroelectric power station will
contribute extremely to improvement of the livelihood of local people. However,
as for the Ngambe-Tikar site, the civil structures are excessive due to 10 m?/s of
power station water discharge and about 1,000 m*/s of flood discharge to be
considered in design. As for the Olamze, the Woro river flows in gentle slope
through the flat lands, and an upstream road-bridge site was inundated in the recent
flood so that further inundation of the surrounding villages are feared by new
intake-dam implementation. The Ndokayo site, particularly, is favored with
optimum conditions for a power station of the scale contemplated, and is a superb
site for hydro power.



Peak demand (kW) is forecasted in the assumption that an annual increase of
population is 3 percent, and one half of house-holds receive the electricity, with 500
W each, in the environs, plus expected demand of local industries.  In the meantime,
the maximum scale of installed capacity is found for the 3 sites based on the usual
way in the central Africa that a 180 days river discharge is set up as a standard
against which the max. discharge of the power station is selected, as follows:

Projected Installed Capacity  Forecasted Demand in 2010

Ngambe-Tikar 530 kW (2 units) 560 kW
Ndokayo 4,530 KW (3 units) 4,620 kW
Olamze 400 KW (2 units 1,145 kW

Ngambe-Tikar Hydro-Project

There is few suitable site for the mini-hydro project in the vicinity of Ngambe-Tikar
village. The present project is found on the Kim river six kilometres south from the
village. The headrace canal of 500 m long is constructed on the left bank, the
generators of 530 kW of installed capacity produce 3.92 GWh of energy per year by
the water head of 7 m and the max. water discharge of 10 m*s. It will be sent to
the village of Ngambe-Tikar and its environs by the 30 kV transmission of 25 km
long. The intake dam could be made inexpensive by good use of the rock outcrops
in the riverbed, however, only a few head available, a large and long cana needed,
and the structure shall be built to withstand about 1,000 m*/s of flood discharge.

The project costs amount to 1,852 x 10° F.CFA for the civil works, 2,475 x 10°
F.CFA for the electromechanical works, 335 x 10° F.CFA for the transmission lines,
and 5,203 x 10° F.CFA in total inclusive of the engineering costs. The project cost
per kWh and kW is, respectively, 138 FCFA and 9.8 x 10° FCFA, and the
hydro-project could not be justified in comparison with the diesel power station if
based on such ordinary or commercial method of economic evaluation as so far
made. (100 F = 17.6 Japanese Yen for reference)

Ndokayo Hydro-Project

1) The Ndokayo Project, approximately 10 km from Betare Oya, is a
hydroelectric power development scheme which would make use of the
head of 91 m provided by the waterfalls of Mari. Intake of 4 m*/s of water
to be used would be done in the right bank with a wet masonry concrete
dam 4.5 m in height, with this water conducted to a power station by a
headrace tunnel (Ilength 133 m) and a steel penstock (length 306 m, inside
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2)

3)

diameter 1.4 m), with electric energy of 30.6 GWh produced annually using
three Francis turbines and generators (output 4,530 kW). The electric
power generated would be supplied by 30 kV transmission lines 152 km in
length to the Betare Oya and Ndokayo districts, of course, and to Garoua
Boulai District and the districts of Monbal, Borongo Garga, and Sarali as
wdll.

Construction of the Ndokayo Project would be carried out in two phasesin
consideration of the power demand in the district. That is, two generators
(output 3,020 kW) would be installed by 2003 with the remaining one unit
installed by the end of September 2010. The construction period for the
first phase would be 18 months extending over two dry seasons. Materials
and equipment for civil works would be mostly procured inside Cameroon,
and electrical and mechanical equipment for the power station and
surroundings would be imported. However, with regard to transmission
lines, the system employed in Cameroon up to the present is to be preserved
in aming for convenience of maintenance and control.

The construction cost of Ndokayo Hydroelectric Power Station would be as
given below.
(Unit:  10° FECFA)

i)  Hydro Power Project 1 Phas.e 2nd Phas.;e Total
Construction | Construction
(3,020 kW) (1,510 kW)
Civil Construction Cost 2,540 16 2,556
Electrical Construction Cost 3,360 1,185 4,545
Engineering and 738 150 888
Administration Cost
Sub-total 6,638 1,351 7,989
if) Transmission Line 152km
Construction Cost 1,630 1,630
Engineering and 432 432
Administration Cost
Sub-total 2,062 2,062
Total 8,700 1,351 10,051

(100F = 17.6 Japanese Yen)



4)

5)

6)

The generating cost of Ndokayo Hydroelectric Power Station, for ultimate
output of 4,530 kW, is extremely cheap at 39 F.CFA/kWh. When
compared with the alternative thermal (diesel plant), the economic internal
rate of return, for development in two phases, is 11.5%, and with
benefit/cost ratio and benefit-minus-cost 1.27 and 2.22 x 10° francs CFA,
respectively, the economicsis amply favorable.

Ndokayo Hydroelectric Power Station would make use of the waterfalls of
Mari having a head as much as approximately 90 m.  With intake of 6 m’/s,
there is dlight fear that the falls may be drained up temporarily in the dry
season, however, it could be prevented by the daily regulation of water in
the pond. The project site including the intake pond is in the state land,
not inhabited and no rare biota has been confirmed.

Today, in Cameroon, ailmost al of the meager existing facilities for rural
electrification have become antiquated and, because of shortage of funds,
repairs are not being made promptly. Work on new electrification projects
is faced with extreme trouble in getting started due to difficulties in
procurement of funds. However, with the new Electric Enterprise Law
enacted, it is necessary to start new rura electrification projects using hydro
power, and Ndokayo Hydroelectric Power Station would be an answer to
this demand.

Income from sales of electric power in operation after completion of
Ndokayo Hydroelectric Power Station will indicate a high rate of return,
and with repayment of al or part of the amount to the abovementioned
Rural Electrification Agency, it will be possible for funds to be furnished
other rural area hydro power projects. A considerable effect is expected of
the project in this way, while at the same time, since it will contribute to
improvement in the livelihood of local residents, implementation of this
project will have a tremendous significance.

Olamze Hydro-Project

As in the case of Ngambe-Tikar, there is few suitable site for the mini-hydro project
on the Woro river near the village of Ata’antem. The present project is to build a
compact structure of so-called dam-type power station on the rock outcrop portion of
the Woro riverbed. It will produce 2.64 GWh of energy per year through the
generators of installed capacity of 400 kW, by the use of 6 m of water head created
and 9 m%s of max. water discharge. The energy will be sent on the 30 kV



transmission line of 47 km long, and respond to the demand of Ambam and Olamze
area in close connection with the existing diesel power stations of 900 kVA.

The project costs amount to 1,409 x 10° F.CFA for the civil works, 2,535 x 10°
F.CFA for the electromechanical works, 615 x 10° F.CFA for the transmission lines,
and 5,055 x 10° F.CFA in total inclusive of the engineering costs. The project cost
per kWh and kW is 197 FCFA and 12.6 x 10° F.CFA, respectively, and the
hydro-project could not be justified in comparison with the diesel power station if
based on such an ordinary or commercial method of economic evaluation as so far
made.

Recommendations

1. Ndokayo Hydro, according to this present investigation, is judged to be atechnically
and economically feasible development project. It is desirable for this project to be
planned for completion of its first phase (power station output 3,020 kW) by 2003 in
consideration of the demand in this district. Taking into account preparations and
the construction period, it is recommended that preparations for realization such as
arrangements for development funds and execution of definite design work be
carried out promptly.

2. With regard to the two projects of Ngambe-Tikar and Olamze, if going by
conventional evaluation techniques, hydro will not be economically advantageous in
comparison with aternative thermal. However, when the calls for realization of
hydroelectric power stations from the local residents are considered, it is desirable
for studies concerning these projects to be continued. However, with respect to the
Olamze Project, it is first necessary to ascertain what effects will be brought about
by backwater upstream from the pond resulting from construction of the intake dam
on bridges and roads, residential areas and cultivated fields.

3. The Ndokayo hydro-project would be first rural electrification which is to be
implemented under the new Electric Power Sector Law. For this reason, prior to
the start of construction, the concrete set-up should have been made, by the
cooperation of the ministries concerned and SONEL, not only of the frame-work but
also of the definite plan, which will cover the details of management, organization
and operation of the power station.
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Summary Description of Studied Projects

Ngambe-Tikar mini-hydro power station

Ngambe-Tikar hydro-electric project, located in left abutment of the Kim river,
extends 500 m long to create ahead of 7m. Annua energy production is 3.92
GWh with an installed capacity of 530 kW.

Principal structures which constitute the project are:

trapezoidal-shaped overflow dam, 517.5 m long and 2 m of max. height, having 3
bottom outlets.

- anintake of 4 spansto flow 10 m*/s of nominal discharge

- an opeg canal of 17.4 m? of section, 515 m long, leading to awater chamber of
540 m

- apowerhouse having 2 unit of Kaplan turbine of S-curve in upstream, 295 kW
each

- arestitution canal of 41 m long to protect sedimentation of sand by the use of wall
deflector of 200 m long

- 30 kV main transmission line of 25 km

Total project cost of 5,203 MF.CFA, and price cost of 138 F.CFA per kWh with a
discount rate of 8% per year.

Ndokayo mini-hydro power station

Ndokayo hydroelectric power station utilizes 91 m of natural head on the Mari river.
By the use of this head, the project is able to produce an annual energy of 30.6 GWh
with an installed capacity of 4,530 kW.

Principal structures which composeit are:

- trapezoidal-shaped masonry dam, maximum height of 4.5 m, and atotal length of
36 m, of which 21 mis overflowed

- anintake of two spansin right abutment for a discharge of 6 m*/s

- apressure tunnel of 8 m? section in rock, 133 m long, 0.05% in slope, concreted,
inner dia. of 2.20m

- asteel penstock with expansion joints, 307 m long and 1.4 m in diameter

- apowerhouse having 3 units of Francis turbines, horizontal axis, 1,600 kW each,
resulting in atotal powerhouse capacity of 4,530 kWe



- ashort restitution canal with downstream weir of EL 697 crest which guarantees
non-cavitation

- 30 kV main transmission line of 152 km long

Total project cost of 10,051 MF.CFA and price-cost of 39 F.CFA per kWh with a
discount rate of 8% per year.

Olamze mini-hydro power station

Olamze Project closes the Woro river, creating atotal head of 6 m.  Annual energy
production is 2.64 GWh with an installed capacity of 400 kW.
Principal structures are:

- adam of 138 mlong, 8.95 m max. high, having spillway of 46 m long and 6.3 m
high in central portion

- inright abutment, next to spillway, a powerhouse of 12 m long houses 2 units of
Kaplan turbine, horizontal axis, of a discharge of 4.5 m’/s

- 30 kV main transmission line of 47 km

Total project cost of 5,055 MF.CFA, and price-cost of 197 F.CFA per kWh with a
discount rate of 8% per year.

Summary Table
HHP Project Ngambe-Tikar Ndokayo Olamze
Net output 530 kW 4,530 KW 400 kW
Length of transmission line 25 km 152 km 47 km
Net annual generation with 3.5GWh 26.3 GWh 2.4 GWh
outage
Total Project Cost 5,203 MF.CFA 10,051 ME.CFA | 5,055 ME.CFA
Generation Cost 138 FCFA/kWh | 39 ECFA/KWh | 197 FECFA/kWh




1)

2)

3)

4)

5)

6)

7)

8)

Location

Hydrology
Catchment Area
Average Discharge
Specific Average Discharge
Low Discharge
Flood Discharge (100 years)
Flood Discharge (1000 years)

Pond
Surface Area
Effective Volume
Normal Water Level
Low Water Level

Dam
Type
Weir Crest
Dam Crest
Weir Length
Dam Height from Riverbed

Intake
Intake Area
Floor Level
Intake Ceiling

Headrace Cand
Length
Section

Head Tank
Dimension
\olume
Floor Level

Powerhouse
Number of Unit
Net Head
Installed Capacity
Production (effective)
Floor Level
Dimension

Main Features
Ngambe-Tikar Mini Hydroelectric Power Project (530 kW)

6 km from Ngambe-Tikar village, 2 km upstream of
bridge on Kim river

5,820 km?
59.3 m%s
10.2 l/s/km?
1.6mY/s
898 m¥/s
1,050 m’/s

9 ha
45,000 m®
EL. 712.00
EL.711.50

Trapezoida-shape Spillway
EL. 712.00

EL. 712.85

509 m

2m

4 spansof 4’ : 16
EL. 710.00
EL. 712.00

515m
17.4 m?

20X 8.7m: 174 nm?
540 m®
EL. 709.72

2

6.9m

530 kW - 625 kVA
3.5 GWhlyear

EL. 702.00
13mx6.70m



9)

10)

11)

12)

13)

14)

Turbine

Type

Normal Discharge
Diameter

Unit Capacity
Rotation Speed

Generator

Type

Number

Rotation Speed
Nomina Capacity
Frequency
Voltage

Power Factor

Transformer

Type
Quantity

Kaplan S-curved upstream
5m’/s

0.85m

295 kW

600 r/mn

3-phase alternative, synchronous
2

1,000 r/mn, multiplicater

267 kW - 315 kVA

50 Hz

400V

0.85

Indoor, 3-phase, oiled, air-cooled
1

Nomina Capacity 630 kVA

Voltage 400V / 30 kV
Transmission Line

Voltage 30 kV 3-phase

Length 25km
Congtruction Cost (Engineering fee & Contingency included)

Civil Works 1,852 MF CFA

Equipment 2,475 MF CFA

Transmission Line 335 MF CFA

Engineering 541 MF CFA

Tota 5,203 MF CFA
Economic Cost-price

Discount Rate 8%

Cost per kWh 138 F CFA/kWh

Cost per kW 9.8 MF CFA/kW



1)

2)

3)

4)

5)

6)

7)

8)

Location

Hydrology
Catchment Area
Average Discharge
Specific Average Discharge
Low Discharge
Flood Discharge (100 years)
Flood Discharge (1000 years)

Pond
Surface Area
Effective Volume
Normal Water Level
Low Water Level

Dam
Type
Weir Crest
Dam Crest
Weir Length
Dam Height from Riverbed

Intake
Intake Area
Floor Level
Intake Ceiling

Headrace Tunnel
Length
Section

Penstock
Unit
Length
Diameter
Thickness

Powerhouse
Number of Unit
Net Head
Installed Capacity
Production (effective)
Floor Level

Main Features
Ndokayo Mini Hydroelectric Power Project (4,320 kW)

On cascade of 10 km from Betare Oya on Mari river,

which is affluent of Lom river

640 km?
10.1m’s
15.8 I/s/km’
1m’s

45 m’s

54 m’/s

7.5 ha
90,000 m®
EL. 790.80
EL. 789.60

Trapezoida-shape Spillway
EL. 790.80

EL. 792.10

21m

450m

9.12 m?
EL. 787.20
EL. 790.00

133 m
Concrete lined, Horse-shoe type,

306 m
1.40m
11 mm

3

91m

4,530 kW - 5,330 kVA
26.3 GWhlyear

EL. 697.00

3 X 3 mexterior
D = 2.2m interior



9)

10)

11)

12)

13)

14)

Dimension

22.80mx5.00m

Turbine
Type Francis, axis horizontal
Normal Discharge 2ms
Diameter 0.58 m
Unit Capacity 1,600 kw
Rotation Speed 1,000 r/mn
Generator
Type 3-phase dlternative, synchronous
Number 3
Rotation Speed 1,000 r/mn
Nominal Capacity 1,535 kW - 1,805 kVA
Frequency 50 Hz
Voltage 5,500 V
Power Factor 0.85
Transformer
Type Indoor, 3-phase, oiled, air-cooled
Quantity 3
Nominal Power 1,800 kVA
Voltage 55kV /30kV
Transmission Line
Voltage 30 kV 3-phase
Length 152 km
Construction Cost (Engineering fee & Contingency included)
Civil Works 2,556 MF CFA
Equipment 4,545 MF CFA
Transmission Line 2,062 MF CFA
Engineering 888 MF CFA
Tota 10,051 MF CFA
Economic Cost-price
Discount Rate 8%
Cost per kWh 39 F CFA/kWh
Cost per kW 2.2 MF CFA/kW



1)
2)

3)

4)

5)

6)

7)

8)

Main Features

Olamze Mini Hydroelectric Power Project (400 kW)

Location

Hydrology
Catchment Area
Average Discharge
Specific Average Discharge
Low Discharge
Flood Discharge (100 years)
Flood Discharge (1000 years)

Pond
Surface Area
Effective Volume
Normal Water Level
Minimum Water Level

Dam
Type
Weir Elevation
Crest Elevation
Total Length / Spillway
Dam Height from Riverbed, Crest / Weir

Intake
Intake Area
Floor Level
Intake Ceiling

Powerhouse
Number of Unit
Net Head
Installed Capacity
Production (effective)
Floor Level
Dimension
Turbine
Type
Normal Discharge
Diameter
Unit Capacity
Rotation Speed
Generator
Number

Rotation Speed

3 km upstream of Ata’ antem on Woro river

840 km’
12.8 m¥s
15.2 I/g/km’
0.7 m’s

69 m*/s

80 m*/s

18.3 ha

110,000 m®
EL. 553.90
EL.555.35

Fill-Typein wing portion with spillway in Center

EL. 553.90

EL. 555.35
138.10m/46.10 m
7.75m/6.30m

29.12 ¥
EL. 546.00
EL. 547.40

2

6m

400 kW

2.4 GWh

EL. 545.50
22.80x5.00m

Kaplan horizontal with angle gear

45m’s
0.9m
225 kW
400 r/mn

3- phase synchronous
2
750 r/mn, multiplicator
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Nomina Capacity 204 KW - 240 kVA

Frequency 50 Hz
Voltage 400 V
Power Factor 0.85
9)  Transformer
Type Indoor, 3-phase, oiled, air-cooled
Quantity 1
Nomina Capacity 500 kVA
Voltage 400V / 30 kV
10) Transmission Line
Voltage 30 kV 3-phase
Length 47 km
11) Construction Cost (Engineering fee & Contingency included)
Civil Works 1,409 MF CFA
Equipment 2,538 MF CFA
Transmission Line 615 MF CFA
Engineering 493 MF CFA
Tota 5,055 MF CFA
12) Economic Cost-price
Discount Rate 8%
Cost per kWh 197 F CFA/KWh
Cost per kW 12.6 MF CFA/KW
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Chapter 1 Introduction

Background of Project

The Republic of Cameroon is providing approximately 98% of the electric power
generated within its boundaries by means of water power. The electric energy
production during one year in 1994-1995 was 2,735 GWh, while in 1995-1996 it
was 2,823 GWh. Of these amounts, thermal power made up no more than 30 and
33 GWh, respectively. Approximately 50% of the electric power is consumed by
the largest industrial group of Cameroon which is engaged in auminum refining
based on the abundant bauxite reserves of the land, production of pulp and cement,
and petroleum refining.

The power transmission distribution structure of the country is divided into the
Southern System with its power sources Edea and Song-Loulou Hydro Stations, and
the Northern System with its source Lagdo Hydro. Areas not serviced by these
power transmission and distribution systems are supplied from independent diesel
power plants maintained by the country’'s electric power corporation, Société
Nationale de Electricité du Cameroun (SONEL). As of 1994, the electrification
ratio of the country as a whole was an average of 24% of the total population of
12,900,000. Compared with the electrification ratio in areas centered at large cities
such as Yaounde and Douala, the ratio of 46% in other areas is only 4%, so that
electrification in regions other than metropolitan areas lags far behind.
Independent-system diesel power plants are burdened with many problems such as
rising fuel costs, difficulty in maintenance and parts replacement, antiquation of the
distribution network, uncollected electricity bills, etc., and unless thoroughgoing
remedial measures are set up, improvement of the present situation cannot be
expected.

It was with such a background that the Government of Cameroon requested the
Government of Japan to carry out a feasibility study on rural electrification through
development of small hydro power stations.

Objectives and Scope of Study

This Study, the “Study on Rural Electrification Project in the Republic of Cameroon
through Small Hydroelectric Development” has the objectives of formulating the
optimum plan for electrification through development of small hydro power stations
at three sites, namely, 1) Ngambe-Tikar, 2) Ndokayo, and 3) Olamze, sites which had
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been conformed in the scope of work agreed upon between the Japan International
Cooperation Agency and the Government of the Republic of Cameroon on
December 19, 1997, namely, “Scope of Work for Feasibility Study on Rural
Electrification Project in the Republic of Cameroon”, and the minutes, “Minutes of
Meeting on the Development Study of Rural Electrification Project in the Republic
of Cameroon”, and to evaluate the technical, economic, and financia feasibilities
thereof.

In formulation of the plan, operation of the small hydros that would be done by local
people was kept in mind and, along with carrying out studies of the two aspects of
economics and finance, investigations were made under the principle of giving
consideration to impact on the environment also. With regard to the feasibility of
the Project from economic and financial standpoints, it was decided to make
evaluations by means of cash flow analyses and by examining internal rates of
return.

Meanwhile, technology transfer to engineers of government agencies concerned and
SONEL is considered as an important objective in carrying out the Study. As
methods for achieving this may be cited technical discussions and examinations at
work sites in Cameroon, including investigation sites, and joint operations carried
out on inviting engineers to Japan and France.

Progress of Study

The investigations proceeded divided into three stages: 1) Preliminary Study, 2)
Detailed Study, and 3) Feasibility Study. The work schedule is shown in Fig. 1-1.

The Preliminary Study was carried out from February to October 1998 with the
objective of obtaining adequate information for making the Detailed Study. The
details of the work done in the Preliminary Study are described in the Progress
Report submitted in October 1998.

In succession to the Preliminary Study, the Detailed Study was carried out from
November 1998 to March 1999. The results of the Detailed Study were submitted
by the end of March 1999 from the local firms LANA CAMEROUN and GEOFOR
S.A. regarding topographic surveying and geological investigations, respectively.

Feasibility study work, the final stage of investigation, was commenced from April
1999. The ultimate objective of the feasibility study work was to make clear the
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appropriateness of the abovementioned three small hydro power development
projects, and initial studies were completed by June 1999. The results of these
initial studies were submitted in July 1999 in the form of an Interim Report. The
comments ensuing from the explanations and discussions at the time of submission
of the Interim Report further examined in detail have resulted in this Final Report.

Survey Work

This Study, as previously described, was executed in the three stages of Preliminary
Study, Detailed Study, and Feasibility Study, each stage consisting of work in Japan
and work in Cameroon. Survey team members at the various stages are listed
below. Members with (EDF) after their names were those from Electricité de
France who participated in carrying out the studies.

Shozo Yuzawa Genera Supervision/ 1st - 6th Field Surveys
Power Generation Planning
Gerard Chassard (EDF)  Civil Works Design 1st — 6th Field Surveys
Estienne Déliry (EDF) Electrical Equipment 1st — 3rd, 5th — 6th
and Roger Pivat (EDF) Field Surveys
Toshihiko Mitsuta Hydrological Analysis 1st — 4th Field Surveys
Yukio Koike, Topographic Surveying 1st — 3rd Field Surveys
Kazuhiro Ishizuka
Jean Paul Blais (EDF), Geological Investigations 1st — 4th Field Surveys
and J.S. Vaast (EDF)
Nobuyuki Hamano Environmental Assessment 1st — 3rd Field Surveys
Makoto Nakamura, Organizations & Ingtitutions  2nd — 3rd Field Surveys
Gerard Malenge (EDF)  Economics & Finance 2nd, 5th Field Surveys
Yoichi Harada Interpreter 1st — 6th Field Surveys

Messrs. Nomo Protais of the Ministry of Mines, Water and Energy and Mr. Justin
Ntsama of Société Nationale de Electricité du Cameroun participated in the training
program in Japan. During the period from September 29 to October 28, 1998, they
toured hydroelectric power stations including those of EPDC and public institutions
in addition to taking part in discussions concerning the Project. Mr. Essouma
Akono Clemente of the Ministry of Mines, Water and Energy participated in the
training program in Japan during a period from 13 September to 27 October in 1999,
aswell.

1-3
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Chapter 2 Outline of the Republic of Cameroon

Geography

Cameroon is on the west coast of the African continent and, situated from 2 to 12
degrees north latitude and from 8 to 16 degrees east longitude, it faces the North
Atlantic Ocean positioned between Nigeria to the north and Equatorial Guinea to the
south. Its total area covers 475,000 km?, of which the land area is 469,000 knt.
This size is approximately 1.4 times that of Japan. The total length of its border
line is 4,591 km, consisting clockwise from the north of 1,690 km with Nigeria,
1,094 km with Chad, 797 km with Central Africa, 523 km with Congo (Brazzaville),
298 km with Gabon, and 189 km with equatorial Guinea. Besides the above, there
is 402 km of coastline facing the Atlantic Ocean.

The land has diverse features with tropical rain forests in the southern and western
regions, savanna in the central region, and semi-arid desert in the north. Theterrain
is aso varied with a coastal plain in the southwest, development of eroded canyons
on a central plateau, a high mountainland in the west, and a plateau gently sloping
down to Lake Chad in the north. As a consequence, vegetation and the living
environment are extremely varied, and the diverse features of the African continent
are al contained in this one country.

As the principal natural resources of the country may be cited petroleum, bauxite,
iron ore, lumber, and besides, hydroelectric potential. The land is made up of 13%
arable land, 2% agricultural land, 18% grassland and pasture, 54% forest, and 13%
other, and there is much possibility left for development, there being only about 280
km? of agricultural land now under irrigation.

Climate

The climate in Cameroon, as described in detail in Chapter 5, is influenced by the
country’s topographical features, the generation and movement of hot, dry air from
the Sahara Desert and the humid air from the Gulf of Guinea. That is, from
November to March, high atmospheric pressure originating in the Sahara Desert to
the north cause fronts to move south, along with which, dry, hot winds called
“harmattan” blow into Cameroon to result in a dry atmosphere of high temperature.
On the other hand, from April to October, when these air masses from the Sahara
quiet down, Atlantic highs generated in the Gulf of Guinea become active, and
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pushing up the fronts north, bring in extremely humid air, and Cameroon’s rainy
Season setsin.

The climate of Cameroon may be broadly divided according to (1), a two-season
tropical climate zone north of a line connecting Bertoua and Bafia, and (2), a
four-season equatorial climate zone south of theline.  To describe the climate of the
country in outline, the coastal area along the Gulf of Guinea in the southwest has
high temperatures, much rain, and high humidity, while there is a trend for this to
change to higher temperatures, less rain, and dryer air the farther inland on the
continent for a great degree of diversity.

Population

The population of Cameroon in mid-1996 was approximately 13,000,000 and young,
consisting 46% of those aged 14 and under, 51% aged 15 to 64, and 3% aged 65 and
over; the population growth rate was extremely high at 2.89%. According to the
estimate in 1996, the average life expectancy of males was 51.55, while that of
females was 53.68, and the birth rate per female was 5.99. The school attendance
rate is on the high side for Black Africa and the literacy ratio of those 15 and over
was 63.4% according to a 1995 survey.

There are more than 200 tribes living in Cameroon. As the so-called Bantu Line
(the northern extreme of inhabitation by Bantu-speaking peoples) runs east-west
through the middle of Cameroon, Bantu tribes live in the south, while in the west
live many Bamileke who are a Bantu subgroup people. From the eastern region to
the north, the terrain is that of savanna and desert, and besides pastoral tribes such as
the Fulani, Hausa, and Sudanic peoples, there are also Arab peoples, thus comprising
a complex population distribution.

With regard to languages, besides the official languages of French and English, there
are as many as 24 tribal languages spoken locally. As for religion, 33% of the
population is Christian, and 16% is Muslim, while traditional animistic faiths are
predominant among the others.

Government

A president elected by direct vote to a seven-year term appoints a prime minister.
Other cabinet members are appointed upon being nominated by the prime minister.
The current president is Paul Biya, who has been in office for 17 years since 1982.
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The legidlature is bicameral with 180 members, and a plural political party system
was legalized in 1990.

Cameroon has 10 provinces, and local government consists of the 10 provinces
divided into 58 divisions, each of the divisions made up of subdivisions which are
further subdivided into districts. Under these districts are towns and villages. The
sites which are the objects of this Study, Ngambe Tikar, Betare Oya, which is near
Ndokayo, and Olamze, are all centers of subdivisions.

The Government of Cameroon has set June 30 as the end of the fiscal year.
Accordingly, fiscal year is aperiod of one year from July 1 of a calendar year to June
30 of the following calendar yesr.

Economy

The economy is based on agriculture, but there are petroleum reserves along the
coast, and favored with a diverse terrain and climate, the Cameroonian economy
may be counted as that of one of the most favored primary resource producing
countries of Subsaharan Africa. With the development of oil production, the
country experienced a rapid economic growth from 1970 to 1985. However,
because of falling prices of the principal export products of coffee, cocoa, and
petroleum since 1986, one third of export income has been lost, and combined with
problems of financial management, there has been a rapid turnaround to minus
growth. In 1990, the country agreed to implementation of the reform program
prescribed by the IMF and the World Bank, and embarked on a structural
reorganization consisting of expedition of private investment, privatization of
state-run industries, and reforms in the banking system. However, due to the
political unsettlement following the genera elections of 1992, the IMF-World Bank
drastically cut back aid and structural reorganization practically cameto astop. On
January 12, 1994, a 50% devaluation of the currency was carried out and inflation
occurred temporarily, but the international balance of exchange improved. During
the period from 1990 to 1996, both imports and exports indicated minus growth, and
the economy has remained stagnant. A drastic structural reorganization is presently
underway as required by the IMF and the World Bank.

Cameroon is a participant in Union Douaniére et Economique de I’ Afrique Centrale,
a customs and economic alliance formed with Gabon, Central Africa, Equatorial
Guinea, Congo (Brazzaville), and Chad, having a central bank and currency in
common. The currency, the CFA franc, or Communaute Financiére Africaine franc,
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had been linked to the French franc at a rate of 50 CFA to 1 since 1948, but with the
devaluation in 1994, it dropped to 100 to 1, whereit is to date.

The estimated nationa revenue in the 1992/93 fiscal year was $1.6 billion and the
outgo $2.3 billion. The principa industries are petroleum extraction and refining,
and auminum refining, while hardly any food processing, light industry, textile
manufacturing, or lumber milling is to be seen. Export items are crude oil and
petroleum products, lumber, aluminum, cocoa beans, coffee, and cotton. Countries
exported to are EU members headed by France, which take up 50%, followed by
African countries. Imports consist of machinery, electrical equipment, foodstuffs,
consumer goods, vehicles, and petroleum products, 38% coming from EU countries,
again headed by France, followed by African countries, while imports from the
United States and Japan are both 5%.

The gross domestic product of Cameroon as of 1993-1994 corresponded to US$680
per capita, and the average annual growth rate from 1985 to 1994 was —6.9%. The
average annual growth rate of GDP indicating growth of the economy, which was
+1.9% during 1980-1990, fell to —4.1 during 1990-1994, and has been 3.0% since
1997. Foreign debt, which was US$2,513 million in 1980, increased to US$1,215
million in 1994, the ratios to GDP being 36.8% and 107.0%, respectively.

Energy Resources

Cameroon is an oil-producing country, and along with being rich in natural gas
reserves, it is favored with a hydroelectric potential which is the second greatest in
Africa.  Cameroon has a leading position in the continent with regard to forestry
also. Consequently, the country is self-sufficient in energy.

Of these natural resources, oil, particularly, made an important contribution to
development of the country’s economy and society from 1978 to 1985. Revenues
from oil exports and oil-related industries propelled the economy of the country
during this period to sustain its development. Exports of crude oil reached its peak
of 8.9 million tonsin 1985-1986. Export and petroleum products made up 18% of
GDP, and comprised roughly 53% of the entire amount of exports including products
and services.

In 1986, however, oil-well drilling slowed down and production declined, while

from 1985 to 1988, the price of oil dropped from US$25 per barrel to US$15. The
economic situation abruptly worsened due to such circumstances and equilibrium
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was lost. With the economic activity of Cameroon having contracted in this way,
the government has temporarily adopted a recovery program. Although the
economic outlook is gray, oil has continued to play an important role in the country’s
economy. Of primary energy products, 95% is oil and the remainder is
hydroelectric power generation. Approximately 80% of al energy consumption
comprises petroleum products. The amount of this energy consumption had
gradually increased since 1980, but with 1985 as the turning point, it has been
declining. On the other hand, electric power consumption continued to increase up
to 1989, and since then, it has been stable in the neighborhood of 2,300 GWh.

Cameroon is first in electric power production among franc-economy countries of
Africa. The electric power corporation, SONEL, established in 1974 carries out
power generation, transmission, and distribution of the entire country, and aso is
responsible for street lighting and traffic lights. SONEL is capitalized at 30 billion
FCF francs, of which the Cameroonian government holds 93.1% and Agence
Francaise de Developpement most of the remaining 6.9%. Approximately 95% of
the country’s electric power since the 1980s has been hydroelectric power, and
imports of diesel thermal fuel amount to only 1% of all imports. Of new types of
energy, utilization of solar energy is barely managing to pay, a total of 50 kW being
used for lighting and air conditioning, and heating and cooling of water at medical
clinicsin remote aress.

As previousy mentioned, the oil sector played a leading role in the national
economy in the 1980s, but oil fields are now drying up and crude oil production is
continuing to fall. As a consequence, the country has become an oil importer, and
as export revenues dropped, the Cameroonian government, while encouraging
oil-well drilling, adopted a policy of diversification of energy sources. Promotion
of natural gas extraction, development of the hydroelectric potential, and agreement
on laying of a Chad-Cameroon oil pipeline are in lien with this policy.

In regard to natural gas, the government previously had not included it in planning,
but now, development is being pushed to obtain butane and propane, and long-term
plans are for exports to Europe of natural gasin the form of LNG.

In the electric power energy sector, SONEL has been placing emphasis on
development of consumption or distribution rather than generation. At present 24%
of the population enjoys the benefits of electric power, but whereas the
electrification rate in urban areas is 46%, the rate in rural areasisonly 4%. It was
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targeted for the electrification rate of the rural population to be brought up to 30% in
the year 2000.

SONEL'’s plans, up to 2005, are not to introduce any new hydro, but to continue to
extend power distribution lines. 1n 1983, a hydroelectric potential survey of entire
Cameroon was carried out aided by Electricite de France (EDF). A middle- and
long-term development program was formulated based on this, while a survey of
small hydroelectric sites in Adamaoua Department was also carried out. In 1996,
EDF, under the auspices of JCA, carried out a preliminary study of small and mini
hydro sites for rural eectrification in four West Sub-saharan countries including
Cameroon.
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CHAPTER 3. ORGANIZATION AND SYSTEM OF
THE REPUBLIC OF CAMEROON



3.1

Chapter 3 Organization and System of the Republic of Cameroon

Administrative System

Due to the past history of colonization by French and England, Cameroon has dual
practices of jurisdiction and administration. The administrative division of the
country made in 1983 has made the country into 10 Provinces (two of them are
Anglo-phone provinces) and 58 Divisions. These departments are divided into 269
Subdivisions and into 53 Districts. The number of basic administrative units
amount to 322 and these administrative division make the genera public of
Cameroon very close and familiar with the public administration.

Two languages are used in Cameroon, namely, French and English as the official
languages. The use of two foreign languages as the official languages in Cameroon
isthe legacy from the colonia time.

As the specific features of the public sector of Cameroon, the centralization of
administrative authorities and political rights are pointed out. For the purpose of
ruling out the concentration and centralization of the rights and powers, the new
fundamental laws have been started to be elaborated and examined with the spirit of
democracy and freedom which started in 1990. By the constitution proclaimed by
the President on January 18, 1996, the decentralization of power and authorities to
the rural areas is stipulated. Through this decentralization policy, transfer of some
rights and authorities from the central authorities to the local autonomous bodies and
to the counties and prefectures have been undertaken. Actualy, by the genera
election conducted on January 21, 1996, local assemblies on the level of county and
prefectures have been established. However, these local assemblies are to be
supervised by the representatives appointed by the central government. Table 3-1
shows the administrative system of the government of Cameroon.



Table3-1 The Administrative System of the Government of Cameroon

PRESIDENCY OF THE REPUBLIC

GENERAL SECRETARY

PRIME MINISTER OFFICE

MINISTRIES

MINISTRY OF TERRITORIAL ADMINISTRATION

PROVINCES

DIVISIONS = departments

SUB-DIVISIONS = arroundissements

DISTRICTS

CHIEF OF FIRST DEGREE VILLAGES

CHIEF OF SECOND DEGREE VILLAGES

CHIEF OF THIRD DEGREE VILLAGES
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3.2.2

Society
Population and Number of Households

The Republic of Cameroon conducted the National Census in 1987 and since that
time no national census has been conducted. By the national census conducted in
Cameroon in 1976, the population of Cameroon was found to be approximately 7.5
million, but by the national census conducted in 1987, the population was found to
be 10.5 million. In 1997, the national census was planned to be conducted, but due
to the budgetary constraints of the central government, the census was not conducted.
However, according to the statistic materials compiled by UNDP, the population of
Cameroon in 1996 is estimated to be 13.2 million.

In regard to the population and homeholds in the proposed project site, though
information and data are relatively old, the present study is based on the National
Census conducted in 1987 as to estimating the approximate number of households in
Cameroon, and the data and information on population and households in the areas
from SONEL. Also, thefirst hand information on population and households in the
proposed project sites were obtained through the site visits of Ndokayo,
Ngambe-Tikar and Olamze by the Study Team.

Present Situation of Society

According to the Human Development Indicator (L indicateur de developpement
humain = IDH), which is shown in Table 3-2, Cameroon is ranked at 127th in the
world and its IDH is indicated to be 0.48. The indicator illustrates the present
situation of social development of Cameroon very precisely and faithfully. The
indicator covers the indices on health, medical service, education, food, availability
of public transportation means by the general public, housing and etc., however, a
part of detailsis given in Cameroon.
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Table3-2 Human Development Indicator

Cameroon  Sub-Sahara Industridized Theentire
Africa Countries world
Human Development Indicator  0.468 0.380 0.911 0.764
Average life cycle at birth 55.1yrs 50.0 yrs. 74.1 yrs. 63.2 yrs.
Education
Literacy ratio of adult people 62.1 55.9 98.5 77.1
School Attendance Ratio
Femde 42.0% 38.4% 83.9% 57.1%
Mae 51.0% 46.6% 81.5% 63.9%
Total 46.0% 42.0% 83.0% 60.0%
Economy (by the use of exchange rate of 1987)
GDP per capitain US dollar
1960 601 495 6,448 2,049
1994 661 507 14,473 3,402
Growth rate 1960 ~ 1994  0.3% 0.1% 1.6% 1.2%

3.2.3

Health and Medical Service

The Infant Mortality Ratio still remains at a level of 62 children against 1,000
children in Cameroon. The ratio was 163 in 1960. Asto the average life cycle at
birth in Cameroon is 55 years against the figures in the entire world of 63 years and
in the industrialized countries of 74 years. The mal-nutrition of infant children and
other difficult problems related to health result as the 5th major causes of death in
Cameroon.

Besides, it is to be noted that such infectious diseases as malaria, meningitis and
yellow fever till remain as the maor diseases causing death of the people in
Cameroon.

In addition to the fact that medical facilities and equipment in the public hospitals
and clinics are extremely poor in their quality as well as in their quantity, the
maintenance of these facilities are not organized and clean. Though the area where
the medical services are being extended gradually in its coverage, sharp gaps still
remain among different regions of the country. In the Provinces situated in the
utmost northern areas of Cameroon, the number of medical doctor against 100,000
people is only 2 (two). Though the number of medical doctors against 100,000
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people in the provinces in the central part of Cameroon is 15 (fifteen), there exist
some gaps between the urban areas and rura areas in the same central zones of
Cameroon. Namely, the number of doctorsin rural areasis only one tenth (10%) of
the number of doctors in the urban areas of the Central Cameroon. In particular, in
some specified medical sector including dental medicine, medical doctors are
extremely in short in its number.

On a national level, thereis 1 (one) medical doctor against 12,500 inhabitants and 1
(one) qualified nurse against 1,852 inhabitants in Cameroon. The figures are not
necessarily inferior to the average numbers of medical doctors and nurses in the
African countries in Sub-Sahara region, where average number of inhabitants who
are looked after by a medical doctor is 18,514 and the average number of inhabitants
who are looked after by a qualified nurse is 6,548 respectively.

In Cameroon, the role being played by the private medical institutions are very
significant in terms of rendering medical services for the Camerounian citizens.
FEMEC (Protestant Church Association) has, among 122 facilities owned by the
Association, 24 hospitals, employing 2,623 people. A Non Profitseeking
Organization (NPO) named Catholic Health Agency has 8 hospitals among 179
facilities owned by the Agency, and the hospitals employ 1,315 people.

Though quite a good number of projects of developing the water-supply are being
implemented, only 100 districts out of 322 districts are favoured of using the water
supply-system in Cameroon. In terms of number of persons who can drink safe
water, only one person out of two persons are in the position to drink the safe potable
water from the water supply system.

Housing and Clothing

Due to such reasons as economic recession, reduced annual income of the general
public and cutting down of the national budget, domestic consumption of familiesin
the general public and purchases of the durable goods by the consumers in the
country have been remarkably decreasing. Accordingly, the genera public people
Cameroon are trying to minimize their household expenditures as low as possible
just to meet the minimum domestic requirements.  For instance, though the imports
of the secondhand clothes are considered to impede the promotion of textile industry
of the country, the government has been obliged to legalize the import of the
secondhand clothes from foreign countries.
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The problem of poor housing situation of the people of Cameroon still remains
unsolved. The main reasons for thisis that construction of the housing for the poor
people in the country has been suspended and the loan to be extended by the
commercia banks to the developers have also been suspended. Despite the policy
efforts exerted by centra and local governments to promote the utilization of the
economic materials locally produced, the living conditions, in terms of housing, of
the medium-low income people are hardly improved.

Education and Employment

Based on statistics, the literate ratio of the adult people in Cameroon is 62.1% in
1997. The figure was 31% in 1970. Though it is evident that educational
development has been observed on a nation-wide basis, there still remain diverse
inequalities and gaps in the country. As the gap derived from the different sex;
male or female, the literate ratio of male in 1994 was 73.1%, whereas the literate
ratio of female in the same year was only 49%. The average school attendance
ratio throughout the nation in 1997 attained to 48%. However, there is also a gap
between male and female; male’s school attendance ratio is 53.5% and for female
only 42.7%. There also exist gaps among different regions of Cameroon with
respect of the school attendance ratio of youths. Though the average school
attendance ratio of youths throughout the nation is 71%, but the school attendance
ratio of youngsters in the northern regions is extremely low. The reasons which
account for the above phenomena are not necessarily due to the economic situations,
namely low income per households commonly observed in the northern regions.
Major reasons for the above are derived from cultural practices which have been
observed in the northern regions since the remote past time. In particular, school
attendance ratio of girlsin the northern regions are lower compared with the others.

Gaps and differences are also observed, among different regions, with respect of the
school facilities. School buildings and facilities in the northern and eastern regions
are poor in their quality and quantity and it is evidently observed that these regions
are lagging behind from other regions of the country. Private Educational
Institutions are making substantial contributions in a continued manner to the
establishment of school facilities for secondary education and for technical education
including higher education. Also, private institutions are active in establishing
kindergartens and primary schools. Religious organizations are also active in all
levels of education with respect of enhancement of education in Cameroon.



One of the most serious problems which are observed toward the final stage of
school education in Cameroon is the unemployment problem, namely, the school
leavers are positioned as the unemployed. The unsatisfactorily coordinated relation
between the employment sector and education sector accounts one of the major
reasons for the above. However, the current economic recession does not indicate
any bright future for the increase of employment opportunities in general and this
affects very serioudy to the unemployment issues of the school leavers. In the
labour market where new graduates gather together, new jobs are mostly obtained by
those people who lost their previous jobs in government or private offices due to the
downsizing or so caled ‘restructuring’ of the private firms or government
organizations. The present employment situation in Cameroon can be expressed as
the decrease of the number of the salaried employees and the demand for the labour
forceis very low. Asthe result of the above unemployment issues which is in the
trend of deterioration for the future, some social crisis is about to occur in the
country. The fact that the people of younger generation and adult female are in
very difficult position in finding their jobs in the formal sector is consequently
causing the economic development in the informal sector.

As aready stated, the population of Cameroon was estimated to be 13.2 million in
1996, according to UNDP and the average life cycle of the Camerounians is 55 years.
It is pointed out that the female are advancing and very active in the economic
activities in the informal sector. In particular, Camerounian women are active in
the small & micro industries. Most of women, 82%, are engaged in the primary
industries, out of which 92% are engaged in the agriculture contributing the
agricultural production of the entire country by about 90% in the output. In other
words, women play the role of social foundation of the country, however, they face
the various problems as indicated below:

More than half of women who are in the age group of marriage are not educated.
In every education level, young women in Cameroon are much fewer than men
in number and young girls are treated unequally in having the opportunities of
education.

Many social, cultural and legal factors refuse the active socia and economic
participation of woman in the communities. Indeed, it is very difficult for
Camerounian women to take part in the real estate and monetary businesses.
Political participation by women are very inactive, as shown in the fact that only
5% of the Members of National Assembly are women.
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3.3.1

Economy
Primary Industry

In the beginning of this century, favoured by the fertile soil land and the climate
which varies by different seasons, agriculture in the country was very active and
Cameroon was the exporting her agricultural products to the neighbouring countries.
Production of such primary industry products as rubber, oilpalm, banana were active
in the coastal areas while the production of coffee and cocoa made its increase in the
forestry and highland areas in the western regions of the country. After the end of
the World War 11, production of tobacco leaves and cotton flowers were begun and
thisinitiated the rural development of northern and eastern parts of the country.

These agricultural products are categorized into two, namely, agricultural products
developed by the private entrepreneurs are coffee and cocoa. On the other hand,
other agricultura products are produced by the agricultural enterprises and
agro-industry enterprises. In these enterprises, the farming people are either
salaried workers, or farmers are well organized. However, the business depressions
have been observed in the coffee and cocoa production in recent years due to the
main reason that the Cameroonian market share of these items are drastically
decreasing in recent years. The production of tobacco leaves also went down. On
the other hand, production of other agricultural products has made a remarkable
increase. In particular, the production of banana has changed its depressing trend to
increasing trend in 1992 and consequently banana production recovered its market
share in Cameroon as it used to be.

Agricultural production

Nowadays, farmers in Cameroon realized to market their agricultural products to
urban and other rural areas whereby they are able to earn cash money. Substantial
quantity of such grains as millet and maize are produced in northern regions and in
the areas close to Sahel. In the areas where the irrigation of water from the rivers
are possible, production of rice and onions are added to the production of millet and
maize. Production of peanuts and fruits are considered possible to increase, but its
realization is still slow. Increased production is envisaged possible in the coastal
areas and forestry areas since Cameroon is favoured with vast areas of land which
are suitable for the production of maize.
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Livestock and fisheries

Northern region is one of the areas where raising different size of domestic animals
are possible. The annua production of cattle is estimated to be around four (4)
million and they are exported to the neighbouring countries. In particular, Nigeria
is the major import country of Cameroonian cattle. Production method of livestock
is yet organized and that of cattle are not done in a systematic way by the livestock
farmers. In the forestry areas, small size domestic animals and poultry are
produced.

Fisheries conduced by the enterprises were begun by the shipping companies in
order to supplement their financial deficiencies. Fisheries practiced by the fishing
people in the coastal areas are stagnant in developing its productivity due to the
insufficient financial capability of the fishermen. Fishing industries in the reservoir
of Ragdo has shown a drastic development in recent years contributing remarkably
to the export of fish products.

Though the agricultural productivity in Cameroon might be able to be enhanced by
general methods, there are many impeding factors. Bad road conditions, most of
the arable land are situated in the remote areas of the country, and shortage of seeds
of various agricultural plants and materials can be cited as the main reasons which
impede the agricultural development. The share of agricultural production in GDP
is presently around 27%.

Secondary Industry

The total products from the secondary industry occupy the share of 25% of GDP of
Cameroon. Handicraft industries of Cameroon are very diversified whereby most
of the daily necessities of the Camerounian nationals are manufactured at
agricultural enterprises or at the genuinely private handicraft factories. Though
these micro industries have been suffering from low productivity over many yearsin
the past, but nowadays they have reached the stage where they export some items of
their products to the neighbouring countries.

Owing to the establishment of hydro-power stations of large scale in the country, the
electro-refinery of aminium has been made possible and alminium thus refined is
one of the most important mineral items for export. Though most of the secondary
industries in Cameroon have been monopolized by either colonial or states-owned
enterprise groups over many years in the past, the growth of the secondary industries
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in Cameroon is the results of efforts made by the entrepreneurs of the medium size
industries.

Qil is one of the main items of industrial products in Cameroon, which occupies
more than 30% of export amount of the country. Most of the oil are exported in
crude oil but there is quota system for domestic consumption. Crude oil supplied to
the local ail refineries where 1.5 million tons of crude oil are refined meeting the
domestic needs.

But the cross-sector wise coordination between agriculture and secondary industry
are not smoothly practiced whereby most of the food manufacturers in the country
have to depend upon import for the acquisition of the raw materials. Whereas, the
processing of the agricultural products remain at the stage of the semi-finished
products. Other specific features of the secondary industries in Cameroon is that
textile industries are not promoted in a concentrated manner and that the inter-trade
relations among the different industries are extremely rare.

Forestry industry is always practised along the coastal areas of Cameroon, though
forestry resources in the sea-shore areas are almost fading away. Forestry
development in the eastern region and at the remote areas of Mbam have been
strengthened recently. Timbers and logs occupy the share of 13% of export of the
nation, which is ranked at the second place next to the oil-export in earning foreign
currencies. By the new regulation on environmental protection, it is stipulated that
the forestry development should be done on the basis of sustainability and
environmental protection. Though the construction business and other public
enterprises had flourished until recently, they are amost collapsed due to the
economic recession. The business in this sector would not be revived unless the
policy of the national economic recovery is clearly shown.

Tertiary Industry

Tertiary industry composes more than half of GDP.  In thisindustrial sector, besides
the conventional economic activities in the process of marketing the daily necessities,
modern type of service industries have come into the picture. Tertiary industriesin
Yaounde and Douala are the biggest resources which provide the employment
opportunities to the people.

Among the tertiary industries, it should be pointed out that the monetary system is
not appropriately implemented. Though the Government implemented various
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3.4

policy programmes for the management crises of banks and security firms, hopeful
and dynamic recovery are yet reached in this sector.

As to the transportation sector, there is an issue of privatization of national shipping
enterprise ‘CAMSHIP'.  On the other hand, no decision has not been made as to
maintain the national air lines ‘Air Cameroun’. City Bus Corporation has been
abolished since there has been no alternative policy to maintain the corporation.
Inhabitants who live in the distant places from Yaounde and Douala are obliged to
suffer inconvenience caused by the lack of public transportation.

Basic Infrastructure

Road network in Cameroon is not so developed as to cover the distant placesin rural
areas. Besides, the road network illustrates the present conditions of the
Camerounian economy which is oriented to the external trade. Actually, most of
the major trunk highways and roads are running toward sea and there are almost no
rural areas where road network is well developed whereby the marketing of the
domestic products could be made in easier ways. The same situation is observed
with railway system in Cameroon, and considering the competitiveness with
highways or roads, railway fares are extremely high. Generaly speaking,
under-developed railway network mal-functions as a major factor to impede the
economic development of the nation.

Utilization of water resources for hydro-power generation is just the partial
utilization of water resources which are abundant in Cameroon. As to the
telecommunications sector, due to the inappropriate organization and poor
management in the past year, serious shortcomings are observed.

Policy of Rural Electrification

As to the rural electrification, ER in short from the view points of organization and
system, the Government of the Republic of Cameroon has adopted a policy to
promote the rural e ectrification in decentralized way, which is called ERD in short.
By implementing the policy, the government intends to improve the living standard
of the farming people in rural areas and enhance the socio-economic development in
the village.
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Economic Condition and Rural Electrification

In the economy of Cameroon, the farming areas hold very high importance. In
terms of the statistics of population, the population in the rural farming areas
occupies nearly 70% of the total population of the country. In 1970, the farming
areas contributed to GDP by about 30% and export of agricultural products
corresponded 80% of the total export amount. Today, contribution of the economic
activities of the farming villages to GDP lowered down to 25% and the export
amount of the agricultural products are also lowered down to 50%.

The Government of Cameroon started its policy of implementation of rura
electrification for the purpose of enhancing the socio-economic conditions of rural
areas. The present rura electrification ratio remains till at 5%. Heightening the
rural electrification contributes not only to the improvement of the living conditions
of the inhabitants in the rural areas but it also serves the socia purpose of
diminishing the population outflow from rural areas to urban areas.

In the declaration of economic policy and economic promotion promulgated in 1989,
Cameroon set up a number of objectives for the electric enterprise sector and,
particularly, economic planning policies concerning energy were established. A
concrete policy arrived at by December 1990 was that the rural electrification ratio is
to be raised to 15% by the year 2010.

However, the economic crises which struck Cameroon from around 1987 was further
aggravated by devaluation of the CFA Franc, and such an economic situation has
been hindering expansion of the electric power transmission and distribution
network owned by SONEL to rural areas and the smooth progress of various projects
such as electric power development.

Utilization of renewable energy, ENR in short, and remote area rural electrification,
ERD, are short- and middle-term solutions. In other words, the Cameroonian
Government has placed great emphasis on mini-hydropower development along with
renewable energy utilization such as solar energy power generation and wind power
generation as items of its short- and middle-term energy policy.
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Progress of Rural Electrification

(1)

Progress of Provincial Electrification

At present, the state sets electricity rates by the per capita system based on
the voltage level of use and the amount of electric power. This system does
not take into consideration the actual cost of production and transportation of
electric power. Consequently, it is a system under which the economic
burden is great on both enterpriser and beneficiary.

When electrification of a certain specific district was the issue, what was
done in the past had been first of al to interconnect with SONEL. The
strategy in rural electrification and initially been to electrify villages where
medium-voltage lines supplying large cities passed by. The policy of
SONEL was to eectrify on a priority basis districts of investment recovery
periods 10 years (Western Region) and 15 years (other regions). These
rural electrification programs are called programs implemented by SONEL,
and through these programs it has become possible for 100 to 200 districtsin
rural areas to be electrified annually. Five rush programs are presently
underway with four of them more or less completed. On the other hand,
MINMEE implemented a socia rural electrification program by which it has
been made possible for approximately 50 districts to be electrified annually.

Meanwhile, SONEL made the following choices to lower installation costs
of medium- and low-voltagelines.  In effect,

- Electrification using grounded single-phase current. This is a model
which had been introduced from the Canada.

- Accelerated use of electric poles and accompanying forestation with
eucalyptus.

- Construction of electric pole processing facilities.
There isapossibility for surplus poles to be exported.

Through SONEL's rush programs and MINMEE's social rura electrification
program, it was possible to electrify approximately 1,200 out of about 13,000
districts overall. In effect, it is a coverage rate of 8%. As aresult of the
abovementioned programs, the rate of it having become possible to use
electricity in rural areas, namely, the electrification ratio, has become 5%, but
that is still too low.
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(3)

Therefore, efforts should be made to raise this figure, the necessity for a new
rura electrification program to be implemented can be clearly seen.

Potential Power Demand in Rural Areas

A demand for electric power does exist in rural areas of Cameroon, but it is
not an easy matter to try to forecast it. To forecast demand, it must be
discerned what kind of energy source can be economically utilized along
with the growth in population and the future of regional industry, upon which,
referring to that of already electrified districts, the growth in power demand
of the district in question needs to be grasped beforehand.

The needs for electric power in rura areas of Cameroon are generaly
comprised of 1) domestic demand, 2) water utilization of the village, 3)
processing of agricultural products, and 4) handicrafts.

On top of these, it is necessary to add long distance telecommunication
facilities or group demand of school and health-and-sanitation centers.
Within these demands, demand for lighting of higher quality, and demand for
visual and audio learning apparatus have come to the fore. Expenses for
batteries and kerosene add up to 5 to 10% of family budgets. Therefore,
power demand for such specific uses exist as potentials. Increases in
demand registered with MINMEE and SONEL average 100 annually, which
may be said to show how earnest rural inhabitants are with regard to the use
of energy.

Problematic Points of Rura Electrification
1) Payability

The costs of power transmission and distribution works are extremely
high. For example, the construction cost of alow voltage lineis 5 to
7 million CFA francs per kilometer. The facts that demand is low
and that huge investments cannot be quickly amortized by selling
make the financial status of SONEL even more unstable. As it is
necessary to obtain permits for electrification projects that pay, it is
unavoidable for SONEL to give priority only to areas with large
populations which are closest to existing power system networks
where socia capital has been invested to some degree. Such areas
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3)

are scarce in Cameroon, and the heat majority of districts needing to
be electrified are located far away from power system networks.
Because of such a sSituation, rural electrification programs by the
conventional method of system extension has gradually become
difficult to achieve. Added to such a factor as the above, the limits
and constraints to rural electrification need to be in step with the
characteristics of the rural society, the reality of the provinces, and the
constraints of existing administrative organs and regulations.

Rural Society

The reasons why the rural areas of Cameroon are lacking in economic
atractiveness are because they are remotely separated and the
purchasing power of the people living in the areas is weak. The
population densities of the areas are low, particularly, in the eastern
and western regions where dispersion is of a high degree. Thisis a
great handicap in new construction or expansion of the electric power
network. Even in individual villages, the abodes of the rural people
are scattered apart and the density of potential electric power usersin
relation to the length of distribution lines to be constructed is low.

The demand for electricity in rural areas mostly consists of domestic
demand, and, according to SONEL, average consumption of
household in rural areais 0.5 kW and, kW in urban area.

- The imbalance between expenses and revenues accompanying
increase in power generating cost.

- Securing of maintenance and repairs of power generation,
transmission, and distribution facilities.

- Non-payment of electricity bills, and expenses required in clerical
handling of bills and documents of contracted electricity users.

Administrative Organs and Laws

The regulatory and statutory frameworks up till now cannot be said to
have been suited to rural electrification. However, in case such
conditions as cited below are in order, it may be said that fund
procurement for rural electrification will be on arealistic basis.
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- Congtruction of facilities through financial assistance, in effect,
production and supply of cheap electric energy.

- Commercial operation of autonomous management system by
beneficiaries.

- Price deregulations suited to respective rural electrification cases.

As previoudly described, the rural electrification policy of Cameroon
had essentially been based on interconnection with the electric power
network of SONEL, and not to mention economic reasons, that other
energy sources (renewable energy) were not positively taken up in
rural electrification and promotion of electric power production
activity was lacking had constituted a bottleneck to furthermost of
rural electrification.

New Rural Electrification Works Policy

The new rural electrification policy of the Cameroonian Government lies in
combining rural electrification through interconnection with the electric power
network of SONEL, which is ER, and remote area rural electrification, which is
ERD. Theamsof thispolicy comprise the following:

1)
2)

3)

4)

Expedite ERD while protecting the environment.

Establish clear targets for the electrification ratios of rural autonomous
bodies and attain 4 times the present ratiosin 20 years.

Improve the living conditions of residents through further raising of
the energy consumption ratio. The energy consumption ratio is an
index of the level to which society has developed, and therefore, is a
criterion for evaluation of the energy policy.

Expand means of production, that is, create medium- and small-scale
enterprises (Petites et Moyenne Entreprises: PME) and medium- and
small-scale factories (Petites et Moyenne Industries: PMI), by which
stop the population drain from rural areas.

ERD means electrification of a district far away from the electric power network
without connecting to the network. However, in order to guarantee the technical
and economic success of its implementation, it isimportant for all necessary factors
to be complete.
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The districts that Cameroon considers as possible beneficiaries of ERD are all
districts 50 km or more distant from the electric power network of SONEL. The
economic appropriateness of this distance is examined judging which is more
economical on comparison with the investment required for interconnection with a
transmission line of the existing electric power network.

As types of electric power sources for isolated districts, there are diesel engines for
private power generation, mini- or small-scale hydroelectric power plants, solar
power generating systems using solar energy, and wind power generating systems
using wind energy.

Electric power production and demand in isolated areas are generally closely related
to each other. In setting up the generating output, along with examining stream
runoff and head, ease or difficulty of obtaining fuel, and solar and wind power
potentials from among these choices, in the aspects of demand, the location and size
of the village, public facilities, and scales of industries must be considered.
Cameroon has large and small rivers throughout its territory, and it is thought that by
making use of the large potential, development of ERD, and as a result, development
of rural areas can be activated.

A rich hydroelectric power development potentia exists in the network of
waterways spread throughout Cameroonian land. This potential is calculated as
1,115 TWh annually, mainly considering the provinces of East, Adamaoua, West,
and South-west. Installations that can be termed small-scale hydroelectric power
stations are all hydroelectric power generation facilities where stable outputs of
about 1,000 kW are possible with runoffs of several hundreds of liters to several tens
of cubic meters per second. There are two small-scale hydroelectric power stations
now in operation, and more than 700,000 kWh of electric power is being produced
annually. Asfor small-scale power stations such as Yoke and Malale near Mayuka,
and Nchi near Foumban, they have outputs of about 500 ~ 800 kW, and though civil
structures are till sound, power generating equipment all need to be exchanged.
According to the survey made in 1996 by Electricite de France (EDF), there are
further approximately 40 districts with hydroelectric potentials that have been
confirmed.

After it has been decided or contemplated to carry out electrification by ERD of an
area where population density is fairly high or increase in population is prominent,
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351

the payability of the electrification becomes the issue from the point of view of
selecting the type of energy. The decision should be made upon comparing the
various energy sources, and based on the costs per kWh of electric power from
different sources, especialy, the future promise of each type of energy source.
Contemplating solution of the problem by private diesel power generation should be
limited to cases where energy sources of the region, such as solar energy, very small
hydroelectric power station do not exist, or they are not able to satisfy demand.

Socioeconomic Situation in Project Areas
Ngambe-Tikar

(1) Ngambe-Tikar Area

Ngambe-Tikar as an administrative organization is a sub-division
(arrondissement), higher administrative organizations being the division
(department) of Mbam and Kim, main administration seat Ntui, and above
that, the province of Centre. Villages concerned in the project will be
Ngambe-Tikar, Mansouh, Gah, and Gwenge, etc. The population in the
National Census of 1987, in 1988 from SONEL, estimated for 2010 on the
assumption of 3 percent increase per year, and number of households of
individual villages of the Ngambe-Tikar area are respectively as given in the

table below.
Village Population Population Population Number of
(National (1998 from (Estimated household
Censusin 1987) SONEL) for 2010) (in 2010)
Ngambe-Tikar 2,556 3,500 4,990 942
Mansouh 200 274 391 74
Gah 750 1,027 1,464 276
Gwenge 250 342 438 92
Totd 3,756 5,143 7,333 1,384

(2 Regional Economy and Society
i) Population:  Approx. 5,500
i) Number of households: 1,000
i) Annual income by household:

The monthly incomes of the middle class (provincial public servants,
Socierie de la Societe Forestiere HAZIM employees) average CFA
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(3)

(4)

35,000 (approximately CFA 420,000 annualy), but the monthly
average income by inhabitant is approximately CFA 20,000 to 25,000.

Principal industries:

- Lumber milling:  Lumber mill of HAZIM

- Agriculture:  Main agricultural crops are cocoa and maize, but
being an agricultural form without irrigation facilities and with
manual work using no fertilizer, the productivity is extremely low.

- Fisheriess The average monthly income of fishermen is CFA
35,000 and comparatively high.

- Other: Hunting, raising of small-size livestock, and handicrafts

Headth and Sanitation

Hospitals and clinics. There is one hospital at Ngambe-Tikar, with the
World Bank carrying out an expansion project on the hospital. One
doctor and four nurses presently staff the facility. Other than this, there
are three clinicsin operation.

Most widespread diseases: Malaria, onchocerciasis, and measles occur
at extremely high rates and exceed the national averages. Other than
these, the rates of malnutrition and infant diseases are high.

Groundwater is used as drinking water and appears to be comparatively safe.

Education

i)

Number of schools: Elementary school 6

Middle school 1
Private school 6 (5 Protestant, 1 Catholic)

Literacy rate:  Although not a problem in urban districts, extremely
low inrurd areas.

School facilitiess Of the total of 48 classrooms, 23 are of durable
construction, 13 are of semi-durable construction, and 12 are of
temporary construction.

Teachers: The public schools have four elementary school teachers
with qualifications, and volunteer and part-time teachers in addition,
but there is an extreme shortage of teaching personnel. To fill the
necessary positions, at least 25 teachers at elementary schools and 10
at middle schools are required.
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(6)

(7)

Local Residents Organizations

A regional autonomous group, or Groupe d'Initiative Commune (GIC),
exists at the Kong District, and has cleared 10 ha and planted maize.

For local residents organizations to be made stronger, it is necessary for
mutual assistance between cooperative members to be encouraged, income
sources of regional autonomous bodies to be created, and latitude provided in
the livelihood of the people. A type of regional savings association called
“ontine” is organized locally. A tontine is organized strictly of women.
There are two tontines of large scale in the Ngambe-Tikar area.  Small
tontines appear to be made up of family members and relatives.

Expectations of Loca Residents Regarding Project

As results of construction of the hydroelectric power station, the local
residents have expectations that Ngambe-Tikar will emerge from its status as
aremote district, that the drain of people from rural areas to the cities will be
braked through creation of jobs, that a degree of latitude will be born in the
livelihood of many residents, that children will be able to receive better
education, and that as it becomes possible to preserve medicines such as
vaccines, great contributions can be made towards improvement in health
and sanitation conditions.

The local authorities, particularly the headman of the sub-division, and the
chief of the Ngambe-Tikar administration support the new construction of a
hydroelectric power station by the Ministry of Mines, Water and Energy
(MINMEE), SONEL, and the JICA Study Team, and are calling for residents
to cooperate positively with the construction. The same comments can be
made regarding the two other sites.

Necessity and Demand for Small Hydroelectric Power Generation at
Ngambe-Tikar

There are a number of individuals at Ngambe-Tikar who own diesel
generators and are using them in accordance with their financial capabilities.
These individuals are the ten of sub-division headman, police squad chief,
doctor, forestry office chief, Ngambe-Tikar town mayor, La Famile Goula,
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Mr. Mgbatou Pierre, Mr. Soule, a bar owner, the supervisor from the Forestry
Ministry, and Mr. Taskin.

According to the sub-division headman, he uses the generator he owns from
1,800 to 2,300 daily (Monday ~ Friday), and 1,100 to 1,700 and 1,800 to
2,300 on Saturdays and Sundays.

Fuel consumption is 10 liter/day of gasoline (the price of gasoline: CFA 450
franc/liter), while 5 liter/mo of ail (the price of oil: CFA 1,200 franc/liter)
isused. The sub-division headman has used a generator from 5 years ago
and has changed generators four times due to trouble, Yamaha 600 (price:
200,000 CFA francs) and Yamaha 1800 (price: 450,000 CFA francs) have
been used. Fluorescent lamps have also been changed four timesin 5 years.
The price of one fluorescent lamp is said to be roughly 3,000 CFA francs.
As aresult of such maintenance, the cost of running the generator described
here was 300,000 CFA francs, and the price of the generator itself, and its
operation and maintenance are far beyond the reach of Ngambe-Tikar
residents. Consequently, providing a small hydroelectric power station will
bring about great benefits to the people of Ngambe-Tikar.

The generating facilities supplying energy to the lumber mill of Socierie de
la Societe Forestiere HAZIM (SFH) amount to 2 x 400 kVA.

On Sunday every week, only one 400 kVA generator is operated for lighting
and drying, and the amount of kerosene used is 600 to 900 liters depending
on the load. In maintenance, oil is changed every week on Sunday.
Production of sawed lumber was 1,400 to 2,000 cubic meters per week when
there were 3 days of trouble with machinery. As is clear from the above,
the energy being produced at the lumber mill is excessively high in cost.

Accordingly, the construction project for a small hydroelectric power station
is a welcome thing for regional industry, and by filling the demand of the
lumber mill, collection of electricity charges will become certain, and thisis
thought will contribute to stable management of the power station itself.
Provision of a plywood factory in Ngambe-Tikar Sub-division is being
studied, and for this to go into operation, a large amount of energy will be
required. In this way, the smal hydroelectric power station construction
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(1)

(2)

project will make a great contribution, not only socialy, but also in
promotion of the regional economy.

Ndokayo

Ndokayo Area

Ndokayo is a third degree village in Betare-Oya Sub-division, Bertoua
Division, East Province. Inregard to the Ndokayo area where the projected
hydro-power station is to cover, the population and the number of households
of the individual towns and village are shown in the table below. The

figuresin 2010 are based on the same assumption asin Ngambe-Tikar.

Village Population Population Population Number of
(National Census | (1998 from | (Estimated household
in 1987) SONEL) for 2010) (in 2010)
Mari village 200 274 391 74
Lom 209 286 408 77
Betaré Oya 4,271 5,849 8,339 1,573
Ndokayo 1,778 2,435 3,472 655
Bongo 318 2,268 3,234 610
Borongo 1,656 1,020 1,454 274
Mombal 745 1,020 1,454 772
Nadongwe 2,095 2,869 4,091 772
Botila 334 457 652 123
Badzéré 1,804 2,471 3,523 665
(Garoua Boulai) (14,125) (19,345) (27,581) (5,204)
Oudow 276 378 539 102
Kongolo 498 682 972 183
Garga Sardli 1,092 1,496 2,133 402
Totd 15,276 20,921 29,830 5,627
* (29,401) (40,266) (57,411) (10,831)
* Figuresin () included Garoua Boulai

Regiona Economy and Society

The principal industries are agriculture in which maize, carrot, yam, and
banana are produced and fishery at the Lom River and the Mari River, with
the greater part of the fish caught sold to villagers. Approximately 2,000
women are engaged in agricultural production, and the annual average
income per household is CFA 700,000/year at the high level, CFA
300,000/year at the middle level, and CFA 100,000/year at the low level.
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Further, in this area, many small scale peddiers sell foodstuffs and clothing
on an informal basis. At theriver beds of the Bali and Mbal Rivers, aluvia
gold mining has been going on from a fairly long time ago, and it is said
there are some who make as much as CFA 100 millionin ayear. There are
also tontines as savings associations in this area.

Headth and Sanitation

There is one clinic with only two nurses, but no doctor in Ndokayo area. A
doctor comes as necessary from neighboring Betare-Oya.  Although not
limited to this area, malaria, migraine, and stomach ace are widespread. It
appears that malaria-preventive medicine is taken only when stricken with
theillness. The infantile death rate appears not to be so high as in the other
African area because the vaccines are plentiful.

Education

There is one elementary school with six classes and approximately 700
pupils. Of the teachers, three are saud to be paid salaries by the government,
and three by the village. The majority of the villagers in this area are able
to read and write French.

Expectations of Loca Residents Regarding Project

Expectations of local residents with regard to realization of the hydroelectric
power generation project are as high if not higher than at the two other sites,
namely, Ngambe-Tikar and Olamze, since there is a site favorable for
hydropower development nearby: the waterfalls of Mali. Ten persons in
this area presently own diesel generators, but all are of high operation and
maintenance costs, out of reach for the ordinary local resident.  Accordingly,
hydroelectric power generation making possible nighttime illumination and
lighting, enjoyment of radio and television, and supply of electric power for
agricultural machinery and irrigation, will be especially welcome, like
blessed rainfall on a parched land.

In the near future, the oil pipe-line from Chad to Doualaisto be instaled in
the distance of only about 40 km from Betare-Oya, and an improvement
work has been recently started of the existing road from Bertoua to Ndokayo.
It is for this reason that Ndokayo hydro-power project is expected not only
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(1)

(2)

by the government organizations and private industries but also the local
communities.

Olamze

Olamze Area

In regard to the Olamze area where the projected hydro-power station is to
cover, the population in the National Census of 1987, in 1988 from SONEL,
estimated for 2010 on the assumption of 3 percent increase per year, and
number of households of the individual town and village are respectively as

given in the table below.

Village Population Population Population Number of

(National (1998 from | (Estimated for | household

Censusin 1987) | SONEL) 2010) (in 2010)
Olamze 537 735 1,048 198
Meko' Ossi 567 777 1,108 209
Eyinantoun 381 522 744 140
Meko' Omengona 453 620 884 167
Ebangon 725 993 1,416 267
Nsana 342 468 667 126
Ngoasik 476 652 930 175
Nkoumebé 239 327 466 88
(Amban) (5,843) (8,002 (11,409 (2,153)
Total 3,720 5,094 7,263 1,370
* (9,563) (13,096) (18,672) (3,523)

* Figuresin () include Ambam.

Regiona Economy and Society

The annual average income per household in Olamze area of Ntem river
southern bank is CFA 300,000. The main products are the cash corps of
cocoa, coffee, and oil palm.  Asfor subsistence type industries, there are the
following:

Agricultural products: Peanut, banana, manioc,

maize

maccaboy, pistachio,

Fishery: Manual fishing at streams such as the Ntem River

Hunting: Chimpanzee, gorilla, small primates, crocodile,
antelope, other small bovines and deer

Livestock: Raising of small livestock such as, sheep, poultry,

boar
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Factors hindering improvement in productivities of agriculture and fisheries
are that operations in agriculture are manual, that irrigation facilities do not
exidt, that fertilizer is not used, while in fisheries also, the work is performed
manually. As an economic activity in Olamze, trading with neighboring
countries such as Equatorial Guinea and Gabon is pursued very actively, and
with Kye-Ossi as the base, al kinds of commodities are handled.

Agricultural cooperative associations and mutual benefit groups do not exist
in thisregion. However, in each village, there is an average of two tontine
cooperatives, each a group consisting of at least 10 persons. The
memberships are mixed male and female, the main purposes of the tontines
being to increase savings and to improve communications.

Heath and Sanitation

i) Hospitals and clinics: There are two hospitals and a number of small
health care clinics.

i) Doctors and nurses. There are 7 doctors and a number of nurses, and
6 nurses at a Protestant clinic.

i) Most widespread diseases. Malaria, diarrhea, measles.
Malnutrition and infant diseases (no vaccines) occur at a higher rate
than the overall national average.

Education

i) Number of schools: 20 elementary schools and kindergartens in all
of Olamze. 1 middle school

i)  School facilities: Except for roofs of galvanized iron, buildings are
made of local materials. (boards, calcined earth)

i) Teachers: 8 teachers with baccalaureat qualifications, 6 with
achievement certifications, and 3 with middle school education 1st
phase achievement certification, and there is an absolute shortage of
teachers.

iv)  School age: 5 (kindergarten)

V) Number of schoolchildren: 949 (elementary school), 250 (middle
school)
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vi)  Number of dropouts: 1st ~ 3rd grade elementary school (40.26%),
3rd ~ 6th grade (52.4%)

Expectations of Loca Residents Regarding Project

The residents have high expectations regarding the hydroelectric project
which will change their mode of living. That by a degree of latitude to be
gained in their livelihood, and that by using refrigeration facilities it will
become possible to store medicines and vaccines, health will be maintained.
And with nighttime lighting made possible, efficiency in the pursuit of
knowledge will be improved and studying to enter schools of higher learning
and studying to take various qualification tests can be done.

The local authorities, namely, the headman of the sub-division and the chief
of the local tribe, have expressed their readiness to cooperate with MINMEE,
SONEL, and the JICA Study Team, and eagerly look forward to the early
commencement of work on the hydroel ectric power generation project.
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4.1

Chapter 4 Electric Power Situation

Electric Power Sector

As mentioned previously, Cameroon is a maor electric power producer among
countries in the franc-economy zone of Africa, and the state-run electric power
company, SONEL, has carried out power generation, transmission, and distribution
for all of Cameroon. The lega framework for electric enterprises in the Republic
of Cameroon has for along time been based on Law 83/20 enacted on December 26,
1983, this law being applied to power generation, transmission, and distribution,
sales, export-import, and supply of electric power carried out as public utilities.
However, a drastic revision was made with Law 98/022 of December 24, 1998, and
especially, with respect to furthering of rural electrification, aid from the state came
to be promoted in both technological and financial aspects. With this new law,
private commercial enterprise techniques were taken up and what had been
recognized as a monopolistic concession to SONEL ceased to be such.

SONEL was established in 1974 through the merger of ENELCAM and EDC, while
in 1975, POWERCAM was merged into SONEL. ENELCAM was a company
established in 1948 in step with construction of Edea Hydroelectric Power Station
for the auminum refining company, ALUCAM. POWERCAM was established in
1961 to supply electric power generated by ENELCAM to the western pat of the
country, while EDC was a company established in 1963 to supply the eastern part.
In effect, SONEL was established for smooth power generation, transmission, and
distribution throughout all of Cameroon. SONEL, besides carrying out its normal
operations, has been engaged in education of the population with the aim of
spreading the use of electric power.

The Cameroonian government owns 93.1% of the capital shares of SONEL, while
CFD, Caisse Francaise de Developpement, owns the greater part of the remaining
6.9%. The board of directors consists of twelve members, of whom nine are
representatives of the Cameroonian government and two are representatives of CFD,
while the remaining one is a representative of ALUCAM. Theterm of adirector is
for 3 years. According to a government proclamation in June 1995, SONEL is
included in aplan for future privatization.

SONEL had 3,802 employees as of March 31, 1997. Of these employees, 54%

were in the sales and operations sectors, while 21% were in the power generation
and transmission sectors. The remaining 25% were in the administration and
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information processing sectors. By grade, approximately half were staff and
workmen, approximately 35% junior executives, and 14% senior executives.

Regarding administrative organs and their roles, the Office of the President decides
the country’s overall policy, the Ministry of Mines, Water and Energy (MINMEE)
formulates, executes, and coordinates the country’s energy policy, along with which,
it controls and inspects work execution, and prepares regulations concerning electric
power. As for electricity rates, they are set by the Ministry of Industria and
Commercial Development.  Negotiations with regard to loans from foreign
countries are carried out by the Ministry of Public Investment and Regional
development, and financia affairs are managed by the Ministry of Economics and
Finance. Supervision of construction work is handled by the Ministry of Public
Works and the Ministry of Transport.

Electric Power Facilities

The Direction of Equipment of SONEL manages al new equipment installation
projects including design and construction.  Meanwhile, the Direction of
Production and Transport manages operation and maintenance concerning supply of
electricity including reservoir operation, all management of hydroelectric power
stations and transmission lines, and diesel generators. The Direction of
Exploitation manages distribution networks, and the Direction of Commerce handles
all commerce-related matters.

Presently, there are two power transmission networks in Cameroon. One is the
Southern Power Transmission Network, or, the Sanaga System, and the other the
Northern Power Transmission Network, or, the Lagdo System. As for demand
areas isolated from these system, direct supply is being carried out generally through
diesel generation. Power generation facilities of the electric system as of 1993/94
figures are shown in Fig. 4-1.

These two power transmission systems possess diesel generating facilities as reserve
capacities. There are aso independent generating facilities for the purpose of
supplying power to areas outside transmission networks. The load dispatching
center of the Southern Power Transmission System is inside Mangombe Substation
in the city of Edea. This load dispatching center controls al facilities in the
Southern Power Transmission System, while on the other hand, control in the
Northern Power Transmission System is by Garoua L oad Dispatching Center.



The operating patterns in these power transmission networks are for hydro stations to
operate in accordance with power demand, while when power from hydro stationsis
insufficient, or in an emergency, diesel power plants go into operation.

The operation plans of individual hydroelectric power stations are prepared by the
Direction of Production and Transport of SONEL based on estimated annual inflows
to regulating reservoirs, and adjustments are made periodicaly based on discharge
records.

Fig. 4-1 THE ELECTRIC SYSTEM
(1993/94 figures)

South North Isolated Autonomous
network network Centers producers

Edéa 3 back-up Lagdo 1 back-up 44 diesel 74 MW
Song Loulou thermal power 72 MW thermal power power station
651 MW station station 28.1 MW
35 MW 35 MW

SONEL Supply

2780 GWh
L osses
439 GWh
326 GWh
HV MV LV (1985)
1367 GWh 439 GWh 535 GWh

The Southern Power Transmission Network which supplies electric power to Littoral
Province, Center Province, West Province, South-west Province, South Province,
and North-west Province has the two large hydroelectric power stations of Edea and
Song-Loulou.

As previously mentioned, SONEL, at the time it started operations in 1974, received
capital investment from Electricite de France (EDF) and POWERCAM, and along
with operation of Edea Power Station which had been run by EDC, it was aso



entrusted with management of power distribution network facilities which EDC had
managed.

The Northern Power Transmission Network which supplies electric power to
Adamoua, North, and Far-north Provinces, has Lagdo Hydroelectric Power Station
as its generating facility. This was constructed with the cooperation of the Chinese
government and was commissioned in May 1983.

Meanwhile, a new power transmission system had been planned for the eastern
region, but construction of transmission and transformation facilities accompanying
the construction of Lom Pangor and Nachtigal-Amont Hydroel ectric Power Stations
has been suspended and commencement of work in the near future is awaited.

The total installed power generating capacity of Cameroon, as given below, is 804
MW. The composition is 90% hydro and 10% thermal. The ratio of the installed
capacity of the Southern Transmission Network to the total installed capacity is
87.2% (701 MW), while on the other hand, that of the Northern Transmission
Network is 12.8% (103 MW).

The first two units of Edea Hydroelectric Power Station went into operation in 1953,
after which, expansion was completed by 1976. The total installed capacity is
263.2 MW, while the electric power of Edea No. |1 Power Station is being consumed
by ALUCAM, and depending on the situation, the No. |1l Power Station makes up
any shortage.

The first-stage commercial operation of Song-Loulou Power Station in the Sanaga
River System located 55 km upstream of Edea City was started in 1981. Expansion
work on the station was completed in 1988, and the total installed capacity is 387.6
MW. The power stations of the two transmission networks are as follows.

1) Southern Power Transmission Network
(@ Edeal, I, 11l Hydro 263.2MW
Song-Loulou Hydro 387.6MW
Sub-total 650.8MW  (92.8%)
(b) Diesd plants (reserve) l4sites  43.3MW  (6.2%)
(c) Diesd plants (independent) 15sites 6. 7MW (1.0%)
Tota 700.9MW  (100%)

4-4



2) Northern Power Transmission Network

(& Lagdo Hydro (18MW x 4) 72.0MW  (69.8%)

(b) Diesd plants (reserve) 4 sites 232MW  (22.5%)

(c) Diesd plants (independent) 8 Sites 7.9MW (7.7%)
Tota 103.1IMW  (100%)

In the Southern Power Transmission Network there are three large reservoirs at
upstream parts of the Sanaga River system, and regulation of annual discharge is
being done in order that the downstream Edea and Song-Loulou will fully perform
their functions even in the droughty season. These are Mbakaou Reservoir (storage
capacity 2,600 million m®) on the Djerem River, Bamemdjin Reservoir (storage
capacity 1,800 million m’) on the Noun River, and Mape Reservoir (storage capacity
3,300 million m®) on the Mbam River.

Many of the diesel generating facilities are being maintained, but efficiencies are
poor, and there are some that have become inoperative. The dependable outputs of
these diesel generators are 52% and 70% of the reserve and independent diesel
generating capacities installed, respectively. They are either to be abandoned in the
near future, or as they are of small unit capacities compared with hydroelectric
generating facilities, many are considered to be inconsequential, and are not
expected to fulfill roles as electric power supply sources. However, even then, they
are generating approximately 33 GWh annually, indicating an annual average growth
of approximately 8.5%.

The present power transmission and distribution network is as given in Tables 4-2
and 4-3, there being 16 substations incorporated in the Southern Power Transmission
Network. However, the substations for ALUCAM, SOCATRAL, CELLUCAM,
and CIMENCAM, all large-capacity consumers listed in 4.3, are not indicated. As
for the Northern Power Transmission Network, it has 3 substations other than that of
one high-voltage consumer. The total transformer capacity of these substations is
1,086 MVA including that for 30 kV power distribution.

The total length of existing high-voltage transmission lines as of 1990/1991 was
approximately 1,881.6 km. This consisted of 480.4 km of 225 kV transmission
lines, 337.2 km of 110 kV transmission lines, and 1,064 km of 90 kV transmission
liens. Besides these, there were approximately 7,570 km of medium-voltage
transmission lines. Also, there were 33 high-to-medium-voltage substations, and
5,077 medium-to-low-voltage substations.



4.3

Power line carrier telephone systems are being used for telephone communications
and data transmission from the load dispatching center.  Furthermore, the
headquarters of SONEL has a radio communication system as a means of
communicating with distant locations.

Power Demand and Supply

The annual energy productions in 1995-1996 by hydro and by diesel thermal were
2,790 GWh and 33 GWh, which were increases of 3.1% and 8.5% respectively.
However, with respect to annual growth rates during the past 10 years, whereas
hydro has shown growths of approximately 5%, thermal has declined approximately
10% annually.

On the other hand, looked at by region, the amount transmitted in the Southern
Power Transmission Network was 1,427 GWh in 1994-1995 for an increase of 2.5%
compared with the previous year, while in contrast, in the Northern Power
Transmission Network, it was 147 GWh, a 12% increase compared with the previous
year. These are in regard to medium-voltage and low-voltage consumers in the
Southern Network estimated to amount to approximately 1,400 GWh annually,
however, ALUCAM of alminum manufacture, which consumes the electric energy
the most, CELLUCAM of paper manufacture, SOCATRAL which manufactures
aluminum and zinc products, CIMENCAM which manufactures cement, and
SONARA which refines oil, and by CICAM in the Northern Network being separate.
There were approximately 1,080 medium-voltage customers and approximately
368,300 low-voltage customers.

The southern end of the area covered by the Southern Power Transmission Network
is at Eboloua, the eastern end is a Ayos and Foumban, the northern end is at
Nkambe, close to Nigeria, and thus, tends to be one-sided toward the west where
Douala and Yaounde are located. The southern end of the area covered by the
Northern Power Transmission Network is at Meiganga. Consequently, there is a
large empty space in the central region and the eastern part of the southern region,
where there are Ngambe-Tikar and Ndokayo.

Small, independent systems are individually supplied by diesel, but the total capacity
does not reach 20 MW. Besides these, there are private diesel generating facilities
of food processors, lumber mills, etc., and these amount to approximately 74 MW.



4.4

The energy consumption of Cameroon doubled from 1976 to 1989, after which, the
increase up to 1995 was not very much. As one of the main reasons for this may be
cited the trends a¢ ALUCAM, which accounts for 60% of the energy sales of
SONEL. The situation of being influenced by which way ALUCM goes will
continue into the future, but the increase in electric energy from hydroel ectric power
stations which produce the greater pat of annual electric energy indicates a steady
growth of around 5% annually, and this situation is thought will continue in the
future.

The table which follows shows the recent transitions in electric energy production
and electric energy sales of SONEL. As this table indicates, the power
transmission and transformation losses including non-technical losses make up as
much as 16%.

Trangitionsin Annual Electric Energy

Unit GWh
Year 88~89 |91~92 |92~93 |93~94 |94~95 | 95~96
Hydro generation 2649 2659 2778 2,748| 2,705| 2,790
Thermal generation 41 38 29 32 30 33
Total generation 2690 2697 2807| 2,780 | 2735| 2823
Tota sales 2,393| 2330| 2274| 2,340| 2310 —
High voltage HV 1,399 1322 1373| 1367| 1266 —
Medium, low voltage 994 1,008| 1,001 973| 1044 —
(MV  LV)

The electrification ratio, which was approximately 20% in 1990-91, had improved to
dlightly less than 25% in 1995-96, but it can be seen that the necessity for
electrification is till very high in the provinces.

Electricity Rates

SONEL separates electric power customers according to Distribution Publique and
Clients Speciaux. Distribution Publique corresponds to general customers whose
electricity rates are set by statute, while Clients Speciaux correspond to large-volume
customers under special contract. As of the year 1995-96, there were five
customers headed by ALUCAM as Clients Speciaux, while among Distribution
Publique customers were 1,105 medium-voltage users and approximately 400,000
low-voltage users.



Distribution Publique rates are set according to ministry ordinances issued by the
Ministry of Industrial and Commercial Development and the following rates are
applied t