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1. Qutline of Technical Transfer on Small:Scale Hydroelectric Power De\ielopment Project at
upper Liwagu River Basin

o
.Economic Planning Unit (EPU) on behalf of Goﬁernment of Malaysia requested to
Japan International Cooperation Agency (JICA) on behalf of Government of Japan
to make much of technical transfer concerning the small scale hydroelectric

power development during the study.

Based on the request, JICA Study Team carried out the technical transfer
including technical ‘seminar to the counterparts in SEB at the SEB office and

the sites.

The technical transfer by JICA Study Team was carried out by the following

procedures.

{n Technical Transfer during Field Survey

During visit to Sabah State, JICA Team carried out technical transfer
to the counterparts in SEB on the methodology, analysis, design
criteria and so on, for the related subjects: = site reconnaissance,
power survey, field investigations, development plan, preliminary
'deéign; economic and financial analysis. Prdject Memorandum for tﬂese
subjects were prepared. Based on the Memorandum, the Team explained,

discussed and advised to the counterparts in SEB.
Project Memorandums prepared by JICA Study Team are listed in 2.

{2) Technical Seminar
JICA Team held technical seminar for SEB*é engineers on June 24 and 25,
1992 at Kota Kinabalu. The subjects of the seminar were based on the
-study'res&it-of Small Scale Hydroelectric Power Development Project at

Upper Liwagﬁ River Basin.

Programme, text and related data of the technical seminar are shown in

3.
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3)

Seminar on Small Scale Hydroelectric Power Development - -

In addition to the technical transfer mentioned ébove, JICA planned a
seminar regarding new technology and managemént'for the small scale

hydro-electric power development., The seminar intended-for.engineers

“in electric power sector and energy sector including mnot only -SEB -but

_also TNB and SESCO..

The seminar was held on March 11 and 12, 1992 at Kota Kinabalu.

The programme, text and related data of the seminar are shown in 4..
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Minutes of Meeting Regarding Technical Transfer
on Small Scale Hydroelectric Power Development ProJect

_Date
"Time

Venue

Present:

SEB

at Upper Liwagu River Basin

s July 29, 1991 .

©$°3:00 p.m.~=4:00 p.m.

SEB, 5th Floor, Hydro/Civil Dept. Meeting Room

Mr. Nlcholas Santani. Senior Engineer
Mr.Baharuddin, Civil Engineer
"Mr.Siva, Electrical Engineer
Mrs.Norlian, Electrical Engineer
Mr.Che Nan, Mechanical Engineer

JICA Study Team

Mr.T.Tezuka, Team Leader
Mr.K.Yoshioka, Civil Engineer
Mr.H.Kagami, Electrical Enginner
Mr.T.Hatano, Geologist

-SEB.and"JICA:Study_Teamvwere'discussed-and agreed
Programme of Technical Transfer proposed by the Team as attached.

Senior Engineer
Hydro/C1v1l Dept
SEB
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1. Programme of Technicai Transfer

Based on the Scope of  ho;k” for Eéﬁéiﬁiiity‘ Study on small Scale
Hydroelectric Power Development Project at Upper Liwégu River Basin
concluded on March 13, 1991 between EPU and JICA, and the Inception
Report, the JICA Study Team will carry out Technical Transfer to the
Malaysian counterparts (SEB's Engineers) through the implementation of

the Study as mentioned below.

SEB will provide the following Engineers as $EB’s counterparts.

Civil Engineer -1 person
Electrical Engineer _ 1 person
Mechanical Englneer SR ! pe?ﬁbh
Transm1551on L1ne Englneer S  _1:pefé§n_
Power Plannlng Engineer - 1 persbh:

1.1 identification Stage

i.1.1 Site Reconnaissance
The Team: will carry out. site reconnaissance. togéther’ with SEB's
-‘counterparts. The following items will be transferred to the counter-

parts through the reconnaissance.

B Procedure of site survey aboul the diversion weir site, waterway,

and powerhouse site for the planned projects

| Procedure of power survey (present situstion on the exlstxng power _

grlds, power ‘demand and extension program of 1l kV HV llnes)

B Procedure of site selection of gauging station ~ oo
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1.1.2 Site Selection Study

The following items will be practically transferred to the counterparts

thought cu-study in SEB's office,
What does the fiture demand requirs to this project?

‘B Characteristics of future demand
# Supply capabilities of existing power plants
B ‘Installed capacity, firm power, effective annual energy, pond

“capacity of this project
~ How to make plans for hydropower project sites

-4 Layout of headraca,‘head:pond, penstock; powerhouse, construction
roads and transmission lines

B Intake level, tailrace level, grosé head, net head and head loss
calculation

F Catchment area, flow duration, firm ﬁischarge,-maximum'discharge,
firm power, maximum power ﬁnd annual energy

B Construction cost estimation
How to evaluate the sites

B Economical condition; construction costfeffective annual energy

§ Future expansion and others

Appropriate power system configuration for the project will be
transferred -to the'cpunterparts after the Team studied 11 kV HV line
route and power flow study including possibility of the interconnection

with Bundu Tuhan.
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1.2

1.2.1

1.2.2

1.23

1.2.4

1.2.5

Field Investigation Stage

Topographic Survey .

® Planning of the survey area and mapping procedure

¥ Planning of aero-photograph mapping procedure -

Geological Investigation :

During the field jinvestigation stage, the Team will transfer-technoiogy

of the geological investigation as follows.

# Geological information around the project area
B Evaluation procedure of drilling cores

@ Evaluation procedure of seismic prospecting:
Hydrological Study

The Team will transfer technology to_ﬁhe counterparts - the following

items.

g  Low flow analysis

1 Flood flow analysis
1 Sedimentation

Power Demand Forecast Study

§  Correlation of Westgrid o Sabal and projected area:. -

% Economic activities and power demand in Kundassang and Ranau town
Environmental impact Study

8 Field survey items and methodology regarding the environméntal

impact around the project area
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1.3

1.34

1.3.2

1.3.3

1.3.4

1.4

Preliminary Désign Stage
Design Procedure of Civil Structures
Diversion weir and desanding basin

Headrace, head pbnd, penstock

Powerhouse

Hydraulic Design

Design Procedure of Eiectro-mechanical Equipment

'@ Turbine, Generator and Transformer including Control System

B Lifting crane

§ Transmission line

Construction Plan

@ Plan of construction procedure

B Plan of implementation schedule

R Contract administration and cost control

Economic Analysis

1 Methodology of economic and financial analysis

Techhical Seminar

On the time of the draft final report is prepared, the Team will be
held a technicai seminar at the SEB.- The following items are tenta-

tively planned.

(] ;Small Scalelﬁydro Power Development -

8 Design of Intake dam and Waterway Facilities
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§ Design of Electro-mechanical Equipment

g Operation and Maintenance of Hydropower Facilities
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2. List of Project Memorandum - .-
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List of Project Memorandum

No. Subject ' " Date

Identification Stége

ID-001/91  Site Selection Study _ Jul. 19, 1991
ID-002/91 Site Reconnaissance Procedure - Jul. 30, 19§1
1ID-003/91  Survey at Naradau Site - Aug. 8, 1991
ID-004/91 Geology in the Project Area ~ Avwg. 6, 1991
ID-005/91 Power Survey Awg. 7, 19901
iD-006/91 Site Selection Study (2) _ Aug. 8, 1991
1D-007/91  Site Selection of Gauging Station © ' Aug. 7, 1991
ID-008{91  Design of Civil Structures : Aug. 8, 1991
ID-009/91  Result of Reconnaissance on Environment Aug. 8, 1991

ID-010/91 Result of Reconnaissance.oh Environment (2) ‘Aug. 8, 1991

ID-011/91 Submittal of Documents

Field In#estigation Stagpe

FI-001/91 Survey Work Schedule _ Dec. 10, 1991
FI-002/91  Geological Investigation Dec. 10, 1991

FI-003/92 Topographic Survey

FI-004/92 Environmental Impact Assessment - _ Feb. 18, 1992
FI-005/92  Hydrological Analysis  Feb. 18, 1992
FI-006/92 Geological Investigation

FI1-007/92 Topographic Survey - | Mar. 2, 19892
FI1-008/92 Environmental Impact Assessment Jcﬁ.:zo,'lggz

-‘Preliminary Design Stage

PD-001/92 Operation of Carabau Mini Hydro ) Feb. 12, 1992
PD-002/92  Turbine Generator Cost of Mini Hydro Feb. 14, 1992
PD-003/92 Preliminary Design Mﬂr..l7, 1962
PD-004/92 Selection of Optimum Plan Mar. 7?,.l§92
PD—OQSIQZ ~ Technical Seminar - jun._lB, 1902

PD-006}92 Economic and Financial Analysis - _ Jﬁh. 21, 1992
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3. Technical Seminar on Small Scale Hydroelectric Power Development Project at Upper
Liwagu River Basin

The technical seminar was held by JICA Study Team as follows.

Date : July 24 and 25, 1992

Venue: Palace Hotel, Kota Kinabalu

AP1Z - 11












TECHNICAL SEMINOR ON SMALL SCALE HYDROPOWER. DEVELOFMENT:
PROJECT AT UPPER LIWAGU RIVER BASIN

- JUNE 1992

JICA STUDY TEAM
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(Wed)if

June 24
9:00 - 9:15
9:15 - 9:45
9:45 - 10:45
10:45 - 11:00
11:00 - 12:00
12:00 - 13:30
13:30 ~ 15:00
June 25 (Thu)
9:00 -~ 9:30
9:30 - 10:30
10:30 - 11:00
11:00 - 11:15
11:15 - 11:45
11:45 - 12:15
12:15 -~ 14:00
14:00 - 15:00
19:00 - 21:00

GN —7

PROGRAMME. OF TECHNICAL SEMINAR BY JICA STUDY TEAM

Welcome Speech by JICA Study Team

Site Selection of Small Scale Hydropower
Development Project in Upper Liwagu River
Basin '

By Mr.Tezuka, Team Leader

Power Demand Forecast in Project Area
By Mr.Kagami, Electrical Engineer

Tea Break

Hydrologlcal Ana1y31s

Design Discharge and Flood Dlscharge
By Mr.Washizawa, Hydrologist

Lunch Time

Open Discussion:

Qutline of Naradaw Project
By Mr.Tezuka, Team Leader

Preliminary Design of Civil Structures
and Hydraulic Design

By Mr.Takeoka, Civil Engineer

By Mr.Tomita, Civil Engineer

Preliminary Design of Ele-Mecha. Equipment
By Mr.Kagami, Electrical Engineer

Tea Break

Economic and Financial Analysis
By Mr.Fukuda, Project Economist

Constructi‘on Management of Hydropower Project
By Mr.Tezuka, Team Leader

Lunch Time

Open Discussion

Cocktail Party ( Palace Hotel )
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Toku31 TEZUKA, Team Leader
Electric Power Development Co.,Ltd (EPDC)
Japan

Mr.TEZUKA ~graduated. in ' Civil Engineering : Course ' of . Chuo
University in 1959. He entered EPDC after the graduation and was
engaged . in: the ~field' -of :design, -hydraulic- model test;
construction superV1s1on on hydropower development prDJeCtS in
Japan.

Since-1976; he‘has-been’actively'invqlved in feasibility-study;
detail design and construction supervision of hydropower projects
in foreign countries such as Thailand, Korea, Turkey, Malaysia
and Nepal. Particularly in Malaysia, he was involved in
feasibility study of Pahan - State Small Scale Hydropower
Development Project. '

Hiroshi Kagami, Power Survey & Electrical Planning
‘Electric Power Development Co., Ltd.(EPDC)
Japan ¢ R : .

Mr . KAGAMI graduated in.Electrical Engineering Course of Hiroshima
“Technic¢al Institute in 1953, ‘After that he entered EPDC and was
engaged design, - construction supervivion and: maintenance..of
electro-mechanical facilities of hydropower. projects -in Japan.

Since 1964, he  has been involved in feasibility study and
construction supervision as electrical engineer in foreign
countries such as Phlllplne Peru, Colombla Paraguay, Lac P.D.R.
and so on, .

Takeshi WASHIZAWA, Hydrological Analysis
Electric’ Power " Development Co., Ltd.{EFDC) "
Japan

Mr WASHIZAWA graduated in: C1v11 Englneerlng Course of Hokkaldo
University in: ‘1977. After that he entered. EPDC-and was engaged
hydraulic model test, detail design, hydrological analysis of
hydropower projects in Japan. '

in the mean timé, he has been involeved in feasibility study as
hydrologist in foreign countries such as Turkey, China and so on.
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Minaichi TAKEOKA, Civil Design RV
Electric Power Development Co., Ltd.(EPDC)
Japan

‘Mr.TAKEOKA graduated in Civil Engineering Course of . Tokushlma
Technical - Insutitute in 1956:. = He ‘entered "EPDC after - the
graduation and was engaged plannlng, detall design, constructlon
supervision of hydropower development progects in Japan. . - :

Cay

S8ince 1977, he has been involved in fea31b111ty study, detail'

design and constructlon supervision in- forelgn countrles such as
Talwan, Bhutan, India, USA and S0 on.

Simpei TOMITA, Civil Design .
Electric Power Development Co., Ltd.(EPDC)
Japan

Mr.TOMITA graduated in Civil: Engineering :Course - of . Waseda
University in 1976. After that he entered EPDC and. was: engaged
in planning, detail design and construction superv131on of
hydropeer development prOJects in Japan.

In the mean time, he has been 1nvolved in: detall de51gn and
-superv151on of: hydropower projects.in forelgn countrxes ‘such as
Turkey, Thailand, Peru and so on.: o PR

Tetsuya FUKUDA, Economic Analysis
EPDC International Co., Ltd.{EPDCI)
Japan -

Mr.FUKUDA garaduated in Low Depdrtment of Hokkaido Un1vers;ty in
1954. He entered EPDC and was engaged in -survey of. electric power
development and economic-analysis in foreign'country's prOJects.

Since 1976, he transfered to EPDCI and he has been 1nvolved in
master plan, feasibility study as. project: economist - in foreign
~countries. such as- Indones1a Phllxplne Indla Bhutan, Tanzania
and so on. - - ; . TR
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4 SITE SELECTION OF SMALL SCALE HYDROPOWER DEVELOPMENT PROJECT
T AT UPPER LIWAGU RIVER BASIN
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Fig. 8.5 Hytro-power Planning Procedure |
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-2 POWER DEMAND FORECAST IN PROJECT AREA
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Table 4-1 Actual Power Damand_at;Ranau—Kundasééng_Grid;

. Generated - Engergy Sold  Energy .  Montnly Unit
Number  of S o , o
©year - Energy of Consimers Loss Sold per
. Consumers S ' SO R .
M - Y ® Consumer (Kih) -

1885 2038 320 0 28% ILT 116
1986 - 2208 350 3103 21 113
97 m0T 410 38% 69 1%
1988 2640 5, 303 48 81 54
19 Zi2 65® . 49m 14 1
1990 2960 605 544 90 154
. Al | L |
Growth o S e
CRte T8 B4 My - B8
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Table 4-4. 'Annﬁui Gifowlh ._Rate of Generdliné Bnergy
‘at Weat Coas!t Grid and Ranau-Kundassang Grld

. Unit:¥

Year ) (B). L (A) L
' West Coast Ranuu-!undasspng

1985 17.9 14,2 17.9 14.2
1688 8.9 10,0 28, 8 24.2
1087 - 12,0 17.6 38,8  41.8
1688 2.8 21,7 41,6 83.5
1989 10.7 T 4,8 52,3 67.8
1080 28,7 - 8,9 81.0 6.7
1991 8.6 10,8 89,5 81.5
1062 8.8 '- 14,8 8.1 1021
1893 8,7 18,8 106, 8 1717
1117 A 8.8 : 14,4 115,8 182, 1
1805 18,2 13,6 128, 8 145, 8
1688 9,2 1LY 138,0  157.3
1997 9,3 10,2 147.3  167.5
1808 0.6 0.1 168,8  177.8
1999 X 9.5 186.6  187.1
2000 0.8 - 10,2 176.3  167.9
Total 1763 187.3
Average 11,0 12.3
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Ranau — Kundassang . Grid

Fig.4-2 Correlation of Rnnau Kundcssang Grid
with West Caast Grld
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% HYDROLOGICAL ANALYSIS
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95 % flow
(Firm discharge)

0% flow
(Design maximum
discharge)

Return period 50 vears
(Design flood discharge)
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_Mesilau intake

.24
.21
.45

Liwagu intake
Mesilau intake
Total

.70
.47

Liwagu intake

Qo oo

Liwagu intake 200
Mesilau intake 180
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Naradaw Catchment Area

Noradaw Project 7 = o _ S
- 1,600 kW :




Bedukan G/S8 - Tamplas G/S Bedukan G/8 - Tombolol G/S

Period of Data 1977 - 1980 1970 - 1977
R | - 0.689 0.776
A | 0.06 | 0.05
B 2.53 070
Y=A%+b

R: Coefficient of Correlation
Y: Data obtained at Bedukan G/S
X: Data obtained at Tampias G/S or Tomboloi G/S

Duration 'baily Héan‘bischarge . . Daily Mean Discharge
S (%) (m' /8/100 km') (m/8)
Bedukan G/S - Liwagu : Mesilau
Catchment Area 200km{ Intake Dam Site Intake Dam Site
(A) Catchment Area Blkm1 Catchment Area 28km
(A) x 0.31 (A) x 0.28
10 . 7.16 2.22 2.00
20 ~ 5.25 1.63 1.47 0.69
E[ I 4,06 1.26 1.14
0 3,33 1.03° 0.93
59 272 - 0.84 0.76
60 o 2.20 0.68 0.62
00 17T 0.55 0.50
80 1.38 0.43 0.39
90 0.97 0.30 0.27
0.24 0.21

95 0.76
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Return
Period

10
20
50
100

Bedukan G/8

Date of Occurrence .
December 3, 1970

November 18, 1971

January 13, 19?2

September 15,.1973
1974
1975

February 13,
February 24,
May 23, 1976
February 21,

Janvary 13, 1978
October 18, 1979

{C.A.200kn')

Gumbel Log-

Normal
340 260
440 340
540 430
670 560
770 660

1977 |

© Maximum

83
235
123
153
543
85
159
299
120
79

Flood Distharge (m /s)

Megilan

Intake Dam
Site
(C.A.28km )

Gumbel Log-
Normal
90 70
120 90
150 120
180 150
210

180

AP12 - %2

Iiwagu

intake
Site

Dam

(C.A.3tkm')

100
130

160
200.

230

7 Gumbei_Ldg~

Ho:mal

80.

100

130.
160

190

Diséhargé (m /s).

Naradaw _
Intafe'nam__
Site.

(C.A.34kn )

Gumbei‘Log-

Normal

11090
140 110

180 140

220 180
250 210



Soecific Discharge (m¥%s/kemd) - 20years

Spacific Discharge {mYs/km?)-50years

Specific Dischorge (mYs/krd)~00years -

LELLELELEE B

T [ I B ILLD |

T

T TTTTrTY T 1 LI |

Bedukon
o Bridge No.2 ]
7f N
sl ST Besol i
Pedl . ) :
Bedup . Q’\\
33 Koiduong .
K.GTF
2F n 1
: Bitfl Kuobon
Kogopon ]
th Serign K
05t ]
0.3} 1
.l I W L1 1 L1k hgnd 1 A o S L 1 311 1 1 1
[ 6.4] 0 330 1000 3000 SO0 K)ODQ 000
Catchmént ‘Area{km?)
L | Il.|lll T 1 I_Illlll ¥ _‘ T l_l!l,l‘ T T T
) Bedukon
0y : Bridge No2 ]
1:\. | \ ]
SrBedw - pedi .| -
3 1 Ka!dum’ Lio Marg E
At :
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0.3}
13 s aaaxl Pl b b it anl f PYNE DTS T TN X X SR | [ |
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Calchment Areo (km?}
T T T ¥V rrr| ¥ T |IIIII'!... L) L rrorrrIr L) T L
Bedukon - Bridge No2
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Annual Suspended Sediment

Name Name Catchment Suspended Sediment

of of Area thousand ton/year ton/year/km’
River  G/S ki
Labuk Porog 3,240 34 115

The Source: National Water Resources Study, Malaysia

(Sectoral Report Vol. 2 Meteorology and Hydrology 1982) JICA
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4. OUTLINE OF NARADAW PROJECT
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Salient futures of the Naradaw_projct are shown beiows.

Development Plan

(1) .Catchment Area

(2) Design maximum discha

rge

{3) Elevation of Intake crest

() Headpond waterlevel

(5) Tailrace Water Level

- (6) Effective head
(7) Installed Capacity

"{(8) Firm Peak'Power

{9) Supply Capable Energy

"AP12 - 48

Liwagu
Mesilau

- Liwagu

Mesilau

‘Liwagu .
Mesilau

Liﬁagu
Mesgilau

31 km
28 kmit

S 0.70 ms
~ 0.47 mys

EL.1,049.50 m

“*EL.1,038,00 m_

'EL.1,048.30 m"
EL.1,036.50 m

CHL. 852.00 m .

170 m
1,600 kW
460 kW

9.5 GWh -



” 3

C.A 11gm?

‘Mesitou

Ranau

2000RW

CarabauP §

’I

300 kW,

Mesilau R S.

g -

e

Narodaw Proiect
{B00RW

=

g

Naradow Catchment Area

Fig.8-7

M1 Kinabaru
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5. PRELIMINARY DESIGN OF CIVIL STRUCTURES AND HYDRAULIC DESIGN
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TURBIM TO BE SELECTED

Y Turgo

Head H=m

elton | |

tilor zontal_Ffancis
3 . -
2 —_— . - B
'“’"‘é;"“";j_;""bj“‘,,ﬁ“_ P T IN 10 2030 4030

Dischage Q=m6 >

APLZ - 72



© SUPPLUY RECORDS OF TURGC IMPULSE
TURBINS MADE BY GILKES, ENGLAND

'FROM 1982 T0O 1991 (10 YEARS)
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Table 11-2-1 Major Eq'ulpménl Parameters of Naradaw
_ 8Small Hydroelectric Power Plant

Water Turbine

Type STEE T . Turgo-Impulse Tuthine.
HNumber of Units 2
Effective llead _ 170 m
Haximum Blschatga | 0.60 m¥/e
Speed 1,006 rpm
Generator .
Type ' 3-phase Bynchronous Generator
Number of Units 2
. Capacity S o 89O kVA
'Voltsge _ 5;300 ¥
Currant ‘ C 156 A
Spead _ - 1,000 rpm
Transformer
Type Self.Cooled, 3-phase Transfotmer
© Mumber of Units ' 4 '
‘Capacity - ' . 1,780 kVA
Voltage , 11,000 ¥v/3,150 Vv

Powar Plant Control System
Manned Monitoring Control Bystem (One-man Controf System)

: commuhicntion Syatem

Radio’ Telsphons Channsl

_ ﬂaradaw \

Ranau Q——-—-; Kundauaung
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Compailson of Power Transmisalon Pattern

Construction cost
comparison

Supply reliability
Transmisslon lose '

Ovder.of selection

Ranau Olstriet

Powar Demand Centér of |-

Transmission

Transmission

AETI VIR L 31

Powsr Demand Centar of
Randu District

" Yransmission
H$43,500 M$1,608,000 M§B52,500
Poor Good B Good
3.0% 1,4% 3.0%
1 3 2
- Pouu:.'r-un'inluiaﬂ flktim A
' 10 ka Sii ' [ —
Powtr Camand Canter of
1) kY Existing W Lima ¥undasrang Dlstrict
} in o
Karadas #,5
— Paver Transwlisslon Fattarn B
S 3710k 8§
30 ke $tin :
YRV R

'Ponr Cevand Center of

— Pouer Transmission Pariern. @

-

fowtr Diwdn) Cunter of

’ Ixundnung District

Hanau Distrlct

Haradaw F.8
i im T
1) &V H iy
11V Ealsting -
Wik

Waradaw P.3
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4 ECONOMIC AND FINANCIAL ANALYSIS
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ECONOMIC EVALUATION

i. Method of Economic Evaluation
2. Preparation of Parameters for Economic Evaluation

{1} Confirmation of A Social Discount. Rate
(2) Parameters
a. Determination of Alternative

b. Technical Parameters of Project and Alternative’

3. Renelit and Cost

1

{1) Cost Total Costs of Project

I

Bencfit Total CostS 0f Alternative

{2) Comparison of Discounted Cost and Discounted
Benefit

4, Ccmputation of EEDR (ETIRR) to Assess whether to Accept
the Project

AP12 - .78



FINANC1AL ANALYSIS

Methods of Financial Analysisa

Method Onp - Analyqlq of value of Inveqtment in

Implementatlon of Project

Method Two - Analy31s on Fea81b111ty of Implementation of

Project Viewed from the Standp01nt of Power

Method Cne

(1)

(2}

(3)

(4)

(1)
(2)
(3)

{4)

(5)

Utilities

Benefit - Gross Revenue from Sales of Electricity to
- Consumers

ACost - Investment Cost and OM Cost

Comparison of A Stream Of Discounted Benefit and
That of Discounted Cost

Assessment of Project, Compared with A Social
Discount Rate

Computation of FEDR (FIRR)

‘Method Two

Pre#aration of Fund(s) Raising Program
Amortlzatlon Schedule

Proflt and Los Statement

Cash Flow Sheet

Computation of Debt-Service Ratio -
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Tab e

15.

Descripl.

(1)
(2)

(3)

(1)

(6)
(7)

(8)
(9)

(10)
(1)
(12)

(13)

Installed Capacity(kW)
Firm Peak Capacity{kW)
Actual Capa.of D/G(kH)

Station Service
Hale (%)
kW Scervice Rate
kiwh Scervice Rale

T/ Loss Rate (%)

 Schedulcd Dutage
Rate (%) .

Forced Outage
Rate (%)

Annaal Ouilpul
NDeclining Rale (%)

kW Adijactor(%}
Unit Investment CQSk
of D/G per kW
{ Thous. M$ )
Service Life (Yr)}
ijd of:Fuei
Ther Effiteci. (%)

Catorific Valuc
(KealfKg)

(11) Specific Gravily

(Kg/Liter)

(15) Fuel Consumption

{(Liter/kWh)

{16) Fuel Unit Price

(M§/lLiter)

(17) Fuel Cost per

kWh - (M$/kiWh )

(1Y OM Cost Ratio

Lo Total Cons.Cosl
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1600
460

1.0%

1 i

Diesel

4. 0%
1 0%

10. 0%

. 15

Diesel
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28 .0%
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0.500

0.19
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Table 15.1.2 Requiréd Quantitg.of Enérgy to Be Generated At
Alternative Diesel Power Plant
Annual  Firm Non-firm Firm Non-firm  Energy Enérgy
Energy Usable "Usable Saleable Saleable GeneratedGenerated
Generati. Energy Energy Enevrgy Energy at D/G at D/G

Year (Mwh) (MWh) (MWh) (MWh) (MWh) for (a) Ffor (h)
- _ SRR o (aYy {b) (MWh} (MWh)
1997 14267 2314 2186 2245 2120 2267 2142
1998 | 15715 2314 3051 2245 2959 2267 2089
1999 17201 - 2314 - 73914 ° 2245 T 3801 772267 T 3840
2000 18958 2314 74863 2245 4717 7 22677 4765
2001 20320 2314 5499 2245 5334 2267 7 5388
2002 21843 2314 5962 2245 5783 2267 5842
2003 23494 2314 6281 2245 6093 2267 6154
2004 25204 - . 2314- 6525 . 2245 6329 2267 6393
2006 27064 2314 . 6733 2245 6531 2267 6597
2006 28715 2314  £881 2245 6675 2267 6742
2007 - 30467 2314 7003 2245 6793 2267 6862
2008 30467 2314 7158 2245 6943 2267 7013
2009 30467 2314 - 7158 2245° 6943 . 2267 7013
2010 30467 2314 7158 2245 6943 2267 . 7013
2011 30467 2314 7158 2245 6943 2267 7013
2012 30467 2314 7158 2245 6943 2267 7013
2013 30467 2314 7158 2245 6943 2267 7013
2014 30467 2314 7158 2245 6943 2267 7013
2015 30467 2314 7158 2245 6943 2267 7013
2016 30467 2314 7158 2245 6943 2267 7013
2017 30467 2314 7168 - 2245 6943 2267 7013
2018 30467 2314 7158 2245 6943 2267 7013
©2019 30467 2314 7158 2245 6943 2267 7013
2020 30467 2314 7158 2245 6943 2267 7013
2021 30467 2314 7158 2245 6943 2267 7013
Total 669786 57850 159115 56114 154342 56681 155901

AP12 -.81



z6 0oL 6
£l Ter ot
134 9Pt It
34 05T 2T
£91 8Lt A
08T E6T &
26T £z g1
L12 FCT Lt
&EZ ggz - . 6L
£97 y87 " 44
28% Sop. £z
98¢ 34 sz
0§¢ gLE RZ
8% =344 0f
gLy sy £e
b434 28t LE
68F 628 4
ezg 665 2
19¢ 609 6F
£68 ara : s -
ri9 SogL L 85
31¢ £89 L4
94s - LEY TL
33 gEY 6L
008 gRe 9%
7222 - LBE 6092
6600 - raz LREE
Live- G LLve
2-4 1T3ousg 1se)

AdN AdN AN

nwhmﬁﬂon.nwmwhmﬁmz puesnoyl uj)

L

68070

9LC" 0
¥80°0

€507 0

20T 0
Il 0

£Z21°0

h:ioh v
6FTI 0
¥91°0Q
GBI'0
261°0

EAY AN

TGEZT0
£92°0
082D
61£°0
08870
99¢° 0
¥Z¥' 0
1970
ers: 0
59579
12970
£88°0
TeL

" 9EB0

6060

1030
Ad

¥4 D2-4

eppr . zozl

EELT 2921
5€LT 282l
§€L1 zeel
SGELT - %9l
. SELT - 2921
. .§%LL - zser
seLt z921
SELT zoet
seLt EA:TA
0sze T g9zl
TRLOZ - 2921
“SELT - 2921
17 SE-4: 1 A ¢
gOLL cEgel
9891 rIZt
0997 L8It
¥eel 1581
LOBST CBOIT
“FEZST 0 TS01
SPrl oLs
Qeer 8¢g
PaTY 169
TIOT 2E%
268 988
gtls
£YE
0

feiof-qng (9)31s0D
: [ang
1

(mr)3s0D
[enj
=dId

gLoT Cogbr

gy - gpe-

‘%ZT¥TOT . =¥QE3

TO6SST

eIoL
¢IGL

ET0L

SLOL
£I0L
eLoL
£roL
£roL

&I10L

£y cIg
ey gpe

ey

g
€

15079
We

c102
£I0L
AR FA
e10L
€104
29869
Zris
L6559

L6E9

I¢
v

*3S0AU]

C{ Irzeusgselrasetg

poig
4214
28€5
S9LY -
pree
5968
Zh1E

aayip jo
A2asuy

SEO0°T c=2/4
yae =0-4

12999 . £95PI

Loce LEt

1928 Lzt
L9EZ LZ1
L98T L2t
L92¢ L21
1922 LEL
Loz Lzt
1022 Lzt
L922 Lz1
Lezz X3
L92z L2
1922 Lzt
Lo22 Lzt
1922 L2l
L9232 LZT
Loze L2t
4922 L2t
L9327 LZ1
L9228 LTI
Leez L2y
Loz Lg1
L9282 L1
1922 X34
L9z LB1
Lozz . L2l
gLye
gose
§eLe

{UYMW) [ETI0L-qng
9/0 1
AUT " 3UBG

£91g 006SIT . feaol
L2T ’ ¥4 ' qF
- LZ1 Lz ) ve
TLen ) CoeE £e
Lzl sz iz
L2T re 1tz
Lzl £z 02
Lzl X BT
L LBI 1z RC
LET oz Lt
LZT 5t gt
LZT 81 ST
Lzt L1 BT
Lzt 91 er o
Lzt st .. 21 =
LZ1 : v It !
Lzl -2 or o~
L2y : Zr 6 e
L2t it |:3 mm
LZ1 01 L
Lzt 8 9
21 2 S
L2I L v
L27 9 ¢
L2t g z
LZT v T
ZLYE by 9661
coes 2 S66T
S2L2 1 F661
18500 T3ssAUT oN Jg3g
Jofa) Tetdas
t =31 001 =448
{ 18070 seyyosaloag

wdjieniesy 2TWOULDY £¥['8l P[4E]



(%0t 071 . o=ddd4)

2801 =3/4d
14¢ SR R
1¢8 2g81Iil 1¢€0l ¥roow LORS YV asvotle £99PI €91t 008TT 110}
821 LET 6 69070 I8¢l 8LG1 28106 Let Lel 82 S2
ivi gl o1 8L 0 TG81 8L61 #YEO Let LZ1 LZ B2
g41 . a9l 11 yedro Lgg1 BLG | gaele Lel Leld az £
Pl £81 At 26070 1581 L6l 2EI6 LZ1 Lzt &z 22
281 10¢ g1 20170 1681 LG gHi6 Le ¥ LT v iz
L0T ize A gIit'o 1581 gLET ] L2l LY A 0e
L22 £pe 91 AR 1591 BLG 1 8816 LE1 LTl gz 61
042 L92 Ll S¢1°0 1681 LG 8816 A Lzl Iz 81
SL2 V62 61 VT 0 1897 8L 8816 Lz L2 " 02 LT
€0t cee 12 910 1S81 8L61 8816 - L21 L2l 61 ar
£oe 94¢ £z 0810 1581 8L61T 8816 LTI LET 81 g1
a9¢ 16¢ T A 861°0 IS8T 8L61 g816 Lzl LZT LT FL
£OP oty -8 RIZ 0 1681 8L61 8216 L2l LZ1 91 €1
eh ¥ PLE ot §£2°0 1681 gL61 8816 Lzl Lel St gt
6LY 218 £ £9Z'0 6781 9F6 T LEOG Lel Letl . ) Pt : i
YA 8ss§ TLE nge ¢ V6Lt 0261 - 6168 A Lel T . or
296§ 209 )7 S 81€°0 E9LT 6881 9LLR LSt Leld et 6
£09 Lve vy 6se- 0 6TL1 gval S VLS8 Lel LEIT [ g
£v9 269 BY¥ 98¢’ G 8991 S6L1 Legsg L7 : L2l : (1}4 L
6L9 £EL Ve ¥ev-o - €097 gELI geog Letl Let 6 9
0L : 194 69 L9V 0 S0sSI eL9l 6LGL Let LET e S
YOL 692 C89 £T€°0 cLel 6611 2969 L31 LZ1 L P
£99 SEL “TL Pes’ 0 SLYIT AL groa LT L2T : 9 £
Li9 969 6L [29°0 766 . 0Z1y pozY L21 Lzt o 7
S8 ¥v9 a8 £89°0 £lg Ove sogy L2l LZT ’ , |73 T
6092~ 0 6092 1S40 eLYE- . ZLFE ZLre £ 966T
£e¢y- 0 VEBER 928'0  £0gS- _ coes £08S 2 G661
LLVZ- 0 LLYE 6060 S2.2- seLe - czLe I P66T
O-4g . 3Tyauag  asol le3oced D-§ anuUB3AIY {YMl) TEIOL-QUg . 3S0) ' ASBAL] ‘ON ' Jesy’
AdN . AdN AdN Ad areg %Nh.vcm L) . . .m«w.nhww
, 001 - Lar %0° 0T : =¥0ds
(stepyoq uevIsdejeyn puesnoy] up) (ITIsusg se) 129y 'ajes ( 3803 se )Zemrq . . :
$W 920 ajey sres

150 pue jijsuag jo mﬂmmﬁmﬁw [BTOURHT ] ﬂ.mwmﬁ arqey

83

"AP12 -



& CONSTRUCTION MANAGEMENT OF HYDROPOWER PROJECT
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Construction Management of Hydropower Project

1. Detail Design and Tender Documents
- Belection of Consultant
- Detail design and Engineering Report

- Preparation of Tender Documents

2. Belection of Contractor
- Prequalification of Contractors
- Tendering

~ Selection of Contractor

3. Formation of Construcion

Case A Case B
[ Owner | Owner -- Consul tant
: g (Adviser)

[Contractor] [ contractor|  [Contractor|{Consultant]

4, Construction Works

Contractor Owner (Congultant)

Setting out Survey Check

of Structures

(Survey)

Construction Preparation Approval
Drawings '

Construction : Inspection Inspection

Works _ Approval

- 5. Completion

Acceptance Test/ Final Inspection
Guarantee Period
‘Built-in-Drawings

Construction Report

AP12 - 85












A, _ Seminar on Small Scale Hydroelectric Power Development

The seminar was held under the joint sponsorship of SEB and JICA as

follows.

_ Date : March 11 and 12, 1992
Venue: Hyatt Kinabalu Hotel, Kota Kinabalu
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. SEMINAR OR
SWALL HYDRO POWER DEVELOPMENT
10 BY SEB/MCA '
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