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PREFACE

in response to the request from the Government of the Republic of the
Philippines, the.Government of Japan decided to conduct a Master Plan Study
on Rehabi1itatioanen6vation_and Operation/Maintenance Improvement of Power
Facilities in Luzon Grid and entrugted the study to the Japan International
Cooperatiﬁn Ageﬁcy (JICA).

JiCA sent to tﬁe.Philippinés a study team headed by Mi. Teruaki Ogawa
of West Japan Engineering Consulﬁants. inc. three times during.the pefiod
from July 1991 to April 1992.

The team held ‘discussions on the project with officials coﬁcerned of .
the Government of the Reéublic of the Philippines, and conducted field
surveys in the_study area. After the féam returned to Japan, further
studies were made and the present report was prepared.

i ﬁopé that this report will édntribuﬁe to the promotion of the
project and to.the ehhancemeht_of friendly relations between our countries.

I wish to expréés my sincere appreciation to the officials conéerned
of tﬁe Government of thé.Reﬁubiic of the Philippines for their close

cooperation extended to the team.

May 1992

et

Kensuke Yanagiya
‘President
Japan International Cooperation Agency
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CHAPTER 1

INTRODUCTION






CHAPTER 1 INTRODUCTION
Background and Progress-of Stﬁdy

The total installed capacity of the power generating facilities in the

Luzon grid was 4,321 MW in'1990, which accounted for 71.6% of 6,037 MW

- of 'installed capacity in the whole Philippines. The peak demand in the

Luzon grid was 2,973 MW and it appears from the above figures; that
there is sufficient supply'capability. However, supply interruptions
andfor load sheddings have been fréquently experienced in Luzon Grid,
be@ause df faults due to deterioration of faciliiies and degraded
performances of power geheration, transmission, and substation due to
insufficient repair and maintenance, aggravated by the natural
disaéters. Therefore, steady electric power éupply is gi&en a high
pridfity in thé national policy. With ﬁhe above background, the
Natiqnal_?owér Corporation (hereinafter referred to as "NAPOCOR")
requested the study on the réhabilitation of power generating
facilities, im?fovemént of operation/maintenance of the power

facilities, and renovation of transmission lines and substations.

In résponsg to the request, Jaﬁan International Cooperation Agency
(hereinaftef.feferréd to aé *"JICA") dispatched a preliminary study team
in March 1991 and agreed upon and signed the "IMPLEMENTING ARRANGEMENT™
for the Study with ﬁAﬁDCOR. '

JICA diépatched the survey team two times to Manila and other areas in

the Republic of the Philippines, and carried out the field survey of
thermal, gébthermal and hydro power plants and transmission lines and
substation facilities, held discussions with NAPOGCOR, and  collected

necessary data and information.

This Final Report is the compilation of the results of analyses and

 studies made by the study team based on not only the maﬁerials collected

by the surveys but discussion with NAPOCOR and in line with the purpose

‘of this study after performing the presentation of the Draft Final

Report to NAPQCOR.



1.3

In the meantime, the study team prepared the Interim Report compiling
the results of the first stage field survey, and submitted it to NAPOCOR

during the period of the second stage field survey in November 1991.
Objectives of the Study

The'objectives_of this study are to formulate and compile in the report
(1) 5-year rehabilitation plan for the power plant'facilitiés, and 5-
year renov&tion plan for transmission lines and substations, (2)
operation énd maintenance imptovément plan for power facilities and (3)
environmental countermeasures related to the operation of power

facilities,

Technology transfer was made to NAPOCOR engineers dﬁring the study

period.
Objective Areas and Power Facilities for the Study

Thermal, gédthermal énd'hydro power plants and transmissiohllines and

substations connected to the Luzon Grid in the Philippines.
Contents and Procedures of the Study

JICA dispatched to the Philippines the experts suited for the study to
formulate_the 5-year master plan of Rehabilitation[Renovation_and
operation'énd maintenance improvement plan of power facilitiés, and
carried out the field survey of thermal, geothermal and hydro power
plants, and transmission lines and substations. They collected
necessary data and informations and held consultations with the NAPOCOR

Task Force memhers.

The study was cérried out in two years, from 1991 thrbugh_lQQZ. The
field survey was carried out in two times, lst Stage and 2nd Stage, in
1991, and the studies in Table 1-1 were ﬁarried out:ih'the prodess shown
in the flow chart in Fig., 1-1. The schedule of the study is as shown in
Table 1-2. On the occasion of the 2nd Stage during:the field survey and
reporting on the Draft Final Réport, JICA held seminars'fqr whigh'JICA

Headquarters dispatched additional experts.



The seminars were attended by nany engineers of NAPOCOR Task Force and
others. and discussions were made on the nroblems of the facilities and
the operation and maintenance based on the Interim Report, when the
.practices in the Japanese power companies were also explalned In the
second semlnar, explanation was made on the Implementation Program in

Chapter 9 and Economic, Financial Evaluation, etc.

The presentation of the Draft Final Report to NAPOCOR was carried out
during the third visit from Apfil 21 to May 5, 1992,

As for the improvement of operation/maintenance, tﬁé Quality*Assurance
Department (QA) of NAPOCOR had pointed out the problems in the annual
audlt _report of 1990 and added that the same problems were repeated
wlthout improvement. As the 1mpr0vement of .operation/maintenance
involves complicated problems difficult to solve, necessary follow-up

should ‘be continued further 1nto future._

With the full cooperation of the Head Office, regional centers and power
piants through the first and the second field survey periods, the study
tesm was able to ctarry out studies and the collection of data and

information.



Table 1-1 Contents of Study

Requirement

Service Items

lst Stage

2nd stage |

1. Preparatory
Works

1}

2)

Preparation of Inception Report

Consultation on IC/R and eatablish—
ment of working procedure including

‘organization of NAPOCOR Task Force

3)

4)

and arrangsment for seminar

Review, consultation and finaliza-
tion of working procedures

gubmittal of implementation plan of
seminars

e}

2. Formulation of
5-year Power
Facilities Reha-
bilization/Reno~
vation Plan
(Master Plan)

1

2)

3)

4)

5}

6)

7)

8)

9N

Collection of data and information

Analysis and study of collected data
and information, and determination
of power facilities rehabilitation/
renovation work items:

Field survey of power facilities
and collection and reconfirmation
of data and information

Study of causes of aged deteriora-
tion/defects and recommendation on
rehabilitation/renovation measures

Establishment of criteria for
prioritization of rehabilitation/

renovation work items

Formulation of rehabilitation/
renovation project schedule

Study and recommendstion on spare
parts control

Construction cost and disbursement
plan

Econcomic and financial evaluation




Service Items

lst Stage

2nd Stage

Requirement

3. Proposal of
Operation and
Maintenance
Improvenent Plan

1}

2)

3)

4

e

3)

&)

7}

Collection of data and information

Analysis and study of collected
data and information, identification
of problems, and proposal of
irprovement plan

Study of effective coordination of
operation and maintenance systems
on the power plant and area levels

Proposal of administrative and
technical procedures of operation
and maintenance

Standardization of maintenance
manuals

Eétablishment of information
feedback system

Standardization of test instruments,
repair tools and facilities

<

4. Proposal of.
Environmental
Countermeasures

1)

2)

3)

Collection of data and information,
and environmental laws and regula-
ticns in the Philippines

Method of handling of equipment
using PCB
Proposal on control of equipment
using PCB

Proposal on envirommental monitorind
system and cost estimate

Field
Survey

5. Seminars

;)

-groups

2)

Thermal/geothermal/envireonmental

Hydro/transmission and substation
groups -
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1.5 Members of Study Team and Their Aséignﬁent

Name

Teruaki Ogawa

Yoshiyuki Niihara

Toshinori Ishii

Yﬁkio Shimoda

Kowashi Aosaki*

: Assignment'

Team Leader

:Hydro power plant
facilities (ciwvil)

Hydro power plant
facilities (Electrical)

Thermal power plant
facilities

Geothermal power

- plant facilities

Service Ttems

Overall supervision
Coordination on the Study

Survey and analysis of the
present. conditions of
civil structures of hydro
power plants.

Formulation of S5-year
rehabilitation plan of
civil structures of hydro
power plants.

Survey and analysis of the
present conditions and
investigation of causes of
decline of functions of
electrical equipment of
hydro power plants.

.'Formulation'éf 5-year
" rehabilitation plan of

electrical equipment of
hydro power plants.

Survey and agnalysis of

the present conditions and
investigation of causes of
decline of functions of
thermal power plant
facilities.

Formulation of 5-year
rehabilitation plan of
thermal power plant
facilities.

Survey and analysis of

the present conditions and
investigation of causes of
decline of functions of
geothermal power plant
facilities.

. Formulation of S-year

rehabilitation plan of
geothermal power plant
facilities.



Name Assignment

Fuminori Sato Transmission lines

Hideo Yabussa Substations

Operation/Masintenance
of hydro power plant,
T/L and 8/S.

Toshikazu Simojo

Razutoshi Ariyoshi OperationfMaintenance
of thermal power
plant.

1 -8

Service Items

Survey and analysis of the
present conditions of
investigation of causes of
decline of functions of
transmission line
facilities.

Formulation 5-year
renovation plan of T/L
facilities.

Survey and analysis of the
present conditions and
investigation of causes of
decline of functions of
substations.

Formulation S-year
renovation plan of substa- -
tions.

Survey and analysis of the
present situation of
operation{maintenance of
hydro power plants, T/L
and 5/8.

Investigation and analysis
of causes of defects in .

"the operation/maintenarce

systems.

Formulation of the
operation/maintenance
management improvement
plan. :

Survey and analysis of the
present situation of
operation/maintenance of
thermal power plants.

Investigation and analysis
of causes of defects in

the operation/maintenance

systems.

Formulation of the

operation/maintenance
management improvement
plan.



Name Assignment Service Items

Tadanori Aoki Environment ) Survey'and analysils of the
environmental problems.

. Recommendation on the
environmental counter-

measures.
Ginjiro Matsuo Geothermal Power Plant . Survey and analysis of the
Facilities, Economist present conditions and

investigation of causes of
decline of functions of
geothermal power plant
facilities '

Economic survey and:
evaluation

* Joined in lst Stage Field Survey only.



1.6

Survey Schedule

The period of field survey of each member of the study team was as

tabulated in the following.

Name

1st Stage

2nd Stage

-Departed
from Japan

Returned
to Japan

Departed
from Japan

Returned
to Japan

* Teruaki dgawa

#* Yoshiyuki
“Niihara

Toshinori
Ishii

Yukio Shimoda

Kowashi Aosaki

* Ginjiro Matsuo

% Fuminori Sato

*

Hideo Yahusa

Toshikazu
Shimo jo

E 4

Kazutoshi
Ariyoshi

* Tadanori Aoki

Jul. 16, 1991

it

CAug.

Aug. 14, 1991

Aug. 5, 1991

Aug. 14, 1991

L

5, 1991

Nov. 5, 1991

e

Nov. 1991

" Nov. 19, 1991

Dec.

Déc.

4, 1991

1.7

*-marked members visited the Philippines for explanation of the Draft
Final Report in the 2nd Stage.
1992 and returned to Japan on May 5, 1992,

Study. Schedule

Period:

The Master Plan Study Schedule is on following Table 1-2.

Field Survey

Departed from Japan on April

21,

During the survey period the study team visited the Head Office,

regional centers and power plants of NAPOGOR.
the 1st Stage Survey, the team visited NEDA .

1-10

At the commencemeht of
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CHAPTER 2

CONCLUSIONS AND RECOMMENDATIORS






CHAPTER 2 CONCLUSIONS AND REGOMMENDATIONS

The conclusions of'thé'present study for, and recommendations on the 5 year

rehabilitation/renovation and operation/maintenance improvement plans of power

facilities and the environmental management, are.as described in the

following.

2.1

5-year Rehabilitation/Renovation Plans of Power Facilities

With regafd to the problems of respective facilities, the following

rehabilitation/renovation plans which would be effective for improvement

of supply reliability and rationalization of maintenance works have been

formulated.

Since the facilities are suffering from frequent faults, it will ‘be.

necessary to push forward strongly the fault reduction countermeasures

separately from the above plans.

Rehabilitation/Renovation Plans

1.

Thermal Power Plénté

(1) Manila Thermal Powef Plant TUnits HNo.
. Rehabilitation
- No. 1 Unit: 100 MW, No. 2 Unit: 100 MW

[Major Items}

a. Boiler and boiler auxiliary equipment

1 and W¥o.

2

(a) Detailed inspection and replacement of major

pressure parts of boiler

(b) Replacement/repair of major boiler auxiliaries



b.  turbine and turbine auxiliary equipment
{(a) -Inspection of major parts of turbine proper
Replacement of HP and IP turbine inner casings and
rotors/blades, replacement of LP turbine casing, and
replacement of main stop valves
(b) Replacement/repair of major turbine auxiliaries

c. Electrical equipment

(a)' Diagnosis of remaining life and replacement/repair

of generator stators and rotors

(b) Replacement of major motors, switchgears, cables,

etc.
d. Instruments and control

(a} Replacement/improvement of automatic boiler control

sYstem_

{b) _Provision'of spare parts for instruments and control

devices
(c) Replhtementiimprovement of local control systems
(2) Bataan Thermal Power Plant Units No. 1 and No. 2
Rehabilitation
No. 1 Unit: 75 MW No. 2 Unit: 150 MW
[Major Items]

a. Boiler and boiler auxiliary equipment

(a) Detailed inépection and replacement of major

pressure parts of boiler



{b) Replacement/repair of major boiler auxiliaries
b. Turbine and turbine auxiliary eguipment

{a) Inspection of major parts of turbine proper

.Diagnosis of remaining life of HF, IP, and LP rotors

(b) Replacement{repair of major turbine auxiliaries

Replécemenf!repair of boiler feed pumps, etc.
c¢. Electrical eguipment
(a) Replacement/repair of generator stators and rotors

(b) Replacement!repair of motors, power cables, and

switchyard equipment
d. Instruments. and control

'(a) Replacement [repair of control board recorders and

meters, and automatic boiler control system

(b) Provision of spare parts for instruments and control

devices

(c) Replacement/repair of local control systems

{Ho. 1 Unit only)

Besides, Sucat Thermal Power Plant No. 2 and No. 3 Units

rehabilitation project is in progress.
- Sucat No. 2 Unit (200 MW) rehabilitation

Rehabilitation works scheduled to be started from May
1993, '



~  Sucat No.

3 Unit (200 MW) rehabilitation

Rehabilitation works scheduled to be started from July

1992.

2. Geothermal Power Plants

(1) -Tiwi Geothermal Power Plant Units No. 1 - No. 6 Rehabilitation
No. 1 - No. 6 Units (55 MW x 6, 330 MW)

[Major Items]

Mechanical part

(a)

{(b)

(c)

(d)

(e)

(£)

Procurement of turbine spare rotor, nozzle, and

diaphragm

Installation of turbine water washing equipment

Main cooling water pipe imner lining and addition of

electrolytic protection system

Instaliation of automatic tube cleaner for generator

Hz'gas cooler
Additional steam production well driiling

Procurement of automobiles for transport of

operators and maintenance works

Electrical part

(a)

(b)

(c)

Inspection of generator stator windings and

retaining rings

“Rewedging of generator stator windings

Replacement of_AVR
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(2)

C.

Instruments and control

{a)

(b)

Replacement of recorders, indicating meters,

transmitters, etc.

Repailr or replacement of air conditioners

Mak-Ban Geothermal Power Plant Unit No. 1 - No. 6

Rehabilitation

No.

1

d.

- No. 6 Units (55 MW x 6, 330 M)

[Major Items]

a,

(dy

"(?.)

Mechanical part

(a)

(b)

(c)

(e)

(£

Procurement of turbine spare rotor, nozzle, and

disphragm
Installation of turbine water washiﬁg equipment

Main cooling water pipe inner lining with stainless

steel and addition of electrolytic protection system

Installation of auntomatic tube cleaner for generator

Hé gas cooler

Addition offafter—condenser to steam air ejector and
extension of gas exhaust line to outlet of cooling

tower fans

Procurement of automobiles for transpdrt of

operators ‘and maintenance works

Electrical part

Inspection of generator stator windings and

retaining rings



(b) Rewedging of generatdr stator windings
(c) Replacement of AVR
Instruments and control

{a) Replacement of turbine supervisory instrument

Sensoxrs

{(b) Replacement of control board recorders, meters and

‘transmitters

Hydro Power Plants

(1) Reconstruction of Ambuklac Power Plant intake

(2}

Replacement of Magat Power Plant excitation transformer

Transmission Lines and Substations

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Replacement of overhead ground wires
Replacement of circuit breakers
Adoption of steel towers for river and road crossings

Rerouting of transmission line section where restoration

works are difficult
Provision of defective insulator detectors
Replacement of disconnecting'éwitches

Provision of spare circuit breakers



2.1.2 Rehabilitation/Renovation Cost
Unit: US$1,000
Facilities F.C L.C.: Total
Thermal power plants 165,700 29,200 194,900
Geothermal power plants 94,908 2,830 97,738
Hydro power plants 12,714 6,840 19,554
Transmission lines q
and substations 15,901 1,340 17,243
Total 289,223 40,210 329,433 |
2.1.3 Annual disbursement Schedule
Unit: USS$1,000
Faciliti Previous| First Second | Third | Forth ‘Fifth
acilities year year ' year year year year
Thermal F.C. 26,365 | 36,644 | 44,228 | 50,673 | 7,790 -
: L.C. 2,089 3,884 | 8,108 | 11,776 { 3,343 -
power plants n.4.9 | 28,454 |40,528 | 52,336 | 62,450 |11,133 -
Ceothermal F.C. - 7,016 | 17,046 | 30,342 | 26,202 | 14,302
‘ L.C. - 201 504 903 790 | 432
power plants pg¢a) - 7,217 | 17,550 { 31,245 | 26,992 | 14,734
Bydro F.C. - 663 | 6,332 | 3,479 | 2,240 -
T L.C. - 1,711 | 3,305 | 1,284 540 -
power plants  p,47 - 2,374 | 9,637 | 4,763 | 2,780 -
Transmission F.C. - 3,247 | 2,996 | 2,468 | 3,440 | 2,850
1ines and L.C. - 228 | . 324 445 | . 230 113
substations = Total - 13,375 | 3,320 | 3,913 | 3,670 | 2,963
F.C. | 26,365 |47,470 | 70,601 |87,962 {39,672 [ 17,152
- Total L.C. 2,089 | 6,024 | 12,241 {14,408 | 4,903 545
: Total | 28,454 | 53,494 | 82,842 [102,370 | 44,575 | 17,697




2.2 Operation/Maintenance Improvement Plans

The study and implementation of the following Improvement plans is

recomnended for solving the problems in operation and maintenance.
2.2.1 Head Office

1. Organization
(1) Reinforcement of planning department
{2} Establishmént of maintenance depgrtment.

2. Equipment.and Materialé Procurément System
(1) Systematic adfance arrangement for procurement of iﬁpoftaht

proprietary equipment and materials (especially imported -

goods)

(2) Enlargement of authority of local offices in procurement

(including in emergeﬁcy.case)
(3) Expediting of procﬁrement processes
3. Pgrsonnel Plan
(1) Formq?g?ion éf short-term/long-term personnel plans
{2) Systematic movement of-pe;sonnel
4. .Education_and Training
(1) Reinforcement of education and training system for new

employees and middle-level employees

(especially for operations and maintenance group)



3. Enhencement of Employees’ Morale

{1) Continued appeal to authorities concerned for improvement of

salary and fringe benefits.

(2) Increased and impartial oppeortunities for education and

training (within country and overseas)
(3) Impartial opportunities for promotion

(4) Introduction of group proposal system on cost shving and

improvement of working efficiency

{(5) Improvement of environment/conditions of employees®' work

places
(6) Enforcement of safety measures for employees® works
(7) Adoption of other méasures to incite personnel to work
2.2.2 Thermal ?Qwer Plants
1. -_Operation and Maintenance Management System
(1) .Efficiency Controi Group
a, .Preparstion of technical manual embodying the works

b. Coordination among divisions and sections in the power

plant, such as pericdical liaison and consultations

¢. Handling of environmental works
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(2)

(3)

Maintenance Groups

a. - Preparation of maintenance manual covering the works of

gewly formed planning and scheduling groups
b. Securing of necessary.personnel and strategic assignment
Periodical Overhéul Management
a. Clarification of responsible manager and scopes of
responsibility of divisions and sectiqns concerned for

periodical overhaul

b. Study on the possibility of shifting from direct working

system into contract working system

Performance of Operation and Maintenance

(1)

(2)

(3)

(4)

Improvement of daily operation management
Improvement of daily maintenance management
Revision of operation and maintenance manuals

Enhancement of MMP functions

Training and Safety Education

(1)

{(2)

(3)

Enlargement of scope of selection of trainees

Reinforcement of basic education for new employees and

education and training for middle-level employees, and

introduction of job rotation system for operators to get

versed in all operation. positions and for

maintenance/technical support perscnnel

Early implementation of the tréining center and introduction

of operation simulator
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(4)

(3)

(6)

Diffusion of TQC concept

Opening of meetings for root-cause analysis and discussion of
accidents and troubles, and training in countermeasures

against troubles related

Personnel vrotations within a power plant and with other

plants/organizations related

Procurement and Management of Equipment and Materials

(L

(2}

(3

(4

Improvement of procurement system for spare parts, parts and

consumables
Improvement of acceptance system

Improvement of inventory management (including material

~handling/storing)

Improvement of as-received coal quality

Other Recommended Items

(L

- (2)

(3}

(4)

(5}

Farlier implementation of items poinfed out by Quality

Assurancé Department of Head Office (ALl thermal power plants)

Improvement and reinforcement of communication systems (All

thermal power plants)

Inspection and repair of bottom plates’ of o0il storage tanks

and water tanks (All thermal power plants and NAPOCOR depots)

_Installatiéh and/or improvement and reinforcement of waste

water treatment equipment and sedimentation ponds (All thermal

power plants)

Inspection and dredging of cooling water intake (All thermal

_ power plants, especially Batangas Power Plant and Bataan
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marine intake pipe replacement)

(6) Maintenance of analyzing equipment and tools in chemical

laboratory (All thermal power plants)
6. Special Remarks

Investigation of countermeasures against avalanche of sand and

stone into Malaya ?ower Plant /PPC common trend,
2.2.3 Geothermal Power Plants
1. Operation and Maintenance Organization
(1) Reinforcemént of organization for periodical overhaul, and
study on shifting from direct workiﬁg'system into contract
working system. | '
2. Perfo?mance of Operation and Maintenance
(i) Improvement of_daily operation managemen£
(2) Improvemént of daily maintenance management
(3) Improvemen?_of periodical qverhaul mapagement
(4} Revision of operatioh and maintenance manuals

3. Training and Safety Education

Same as for thermal powef plant

=

Improvement of Procurement and Management of Equipment And

Materials

Same as for thermal power plant
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Hydro Power Plants, Transmission Lines and Substations
Operation and Maintenance System

(1) Division of NLRC into two regional centers, and relocation of
office

{2) Establishment of'organizational units in charge of maintenance

in the regional centers

Operation and Maintenance Procedure

(1) Review of the frequency of preventive maintenance and test

items by Technical Services (T§$)

(2) Review of recording frequency of operﬁtion logs at hydro power

plants and substations

(3) Review bf the freguency of patrol checks at hydro power plants

and substations
{4) Carrying out of periodic inspection gf civil structures
a. Measurement of deposits in the reservoirs
b. Measﬁremént of wall thickness of penstocks
c, Inspeétion of races
(5) Review of patrol-check procedure for transmission lines
(6) .Contyacting'out‘bf simple works

{7) Promotion of fault reduction countermeasures
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‘Operation and Maintenance Manuals

(1) Review of hydro power plant preventive maintenance guide,
substation patrol checklist guideline and transmission lLine

patrol checklist guideline
(2).'Preparation of civil structure ingpection manual
Operation aﬂd Maintenance Records; Réports,'and Reporting System
(1) Reﬁiew of forced outage report

a. Standardization of the classification of causes on the

Corporation-wide level
b. - Review of the forms of monthly and annual reports
(2) Preparation of maintenance work reports
(3) _Preparéﬁion of civil étruciure inspection report

(4#) Submission of the above reports to the regional centers and

the Head Office
Spare Parts Inventory Level and Management System

(1) Arrangement of basic data, and study of procurement procedure,

management system, etc.

- Arﬁangement of statistics of parts'used in the past

- Arrangement of equipment fault statistics

- Investigation of the availability of parts

- Review of the standard inﬁentcry level of spare parts
- Standardization of specifications

- Adeguate lead time and ordering time

-~ Simplification of procurement procedﬁre

- Strengthening'of the spare parts management system in the
Head Office and regional centers ' '
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2.3

1.

(2) Storing of spare equipment for substation eguipment
Custody of Technical Documents and Drawings

(1) Establishment of the rule for rétaining the specifications,
drawings, design calculations, etc. at the time of
construction, and arrangement of the above documents and

drawings for the existing facilities

(2) _Standardizatiom of single line diagrams, and establishment of

~ the rule for periodic updating
Test Instruments, Workshop Facilities, and Repair Tools

(1) Provision of the devices for measuring deposits in the

reservoirs and wall thickness of the penstocks

{2 VUtilization of Maintenance Engineering Center (MEC) for the
repairing of parts at the hydro power plants and for the
overhaul of GCBs.

Training of Operétion and Maintenance Staff
(1) To increase the staff of Technical Training Division to
improve the'training quality, enrich the curriculum, and

increase the frequency of training courses.

(2) To promote the early implementation of the Training Center

Project to enrich and improve the quality of training.

Environmental Management

Completé_Storage Control and Management of PGB

(13 Dissemihatioﬁ of knoWiedge of method of storing and handling
of PCB ' '

(2) Selection of person in charge of storing and control of PCB
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Monitoring of Air Pollution
(1) Observation of meteorological data at power plants and
measurement of 50,, NOx and dust at emission source (stack

inlet)

(2) Measurement of ground level concentration (Installation of

monitoring station or purchase of observation buses)

Measures for Reduction of Hydrogen Sulfide from Geothermal Power

Plants
(1) Introduction of ejector exhaust gas to cooling towers
Reinforcement of Environmental Management System

{1) Assignment of persons in charge of environmental'problems to

- regional centers and thermal power plants

(2) Fostering of affiliate company specializing in environmental

investigation
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CHAPTER 3 GENERAL SIiTUATION OF THE REPUBLIC OF THE PHILIPPINES

" outline of the Philippines

The Repubiic of the Philippines consists of approximately 7,100 islands
of various sizes, spread over an area extending 1,855 km from nerth to
soﬁth and 1,108 km from east to west, and has a total land area of
299,765 squaré kilometers. The largest island is Luzon (104,686 kmz)
lying in the mnorth, followed by Mindanao (94,630 km?) situated in the
southernmoét. Between the two islands, there are nine relatively large
islands, including Samar (13,079 kmz), with a total land area of
85,451 km?. '

the population, which was 48,098,000 in the 1980 census, is estimated at
61,980,000_in 1990, with an annual growth rate of 2.57 percent. The
population of Luzon was 26,081,000 (54 percent of total population) in

. 1980 and is estimated at 33,746,000 (growth rate of 2.64%) in 1990.

The island of Luzon is politically divided into one special district and

'TI'proVinces, which are placed under administrative control of 12

Regions and. Metro Manila Area. The.island of Luzon together with the
island of Masbate, is genérally‘called "Luzon", while the island of
Mindanac is referred to as “ﬁindanao“-and all 6ther islands between
"Luzon" and "Mindanao® are called "Visay&s“.- (excluding Mindoro and

Palawén)‘



3.2 Politics and Economy

3.2.1 Politics

(1)

(2)

(3)

General

Since the turnover of the administration from Mr. Marcos to Mrs.
Aquino by the revolution in February 1986, the new administration
has exerted its best efforts to normalize the domestic situations

and to reconstruct the economy under the new Constitution

_promulgated on February 2, 1987. As for the diplomatic policy, the

Republic of the Phiiippines'is now seeking for and positively

proceeding to the new direction of peaceful international

relationghip with independence not covered by any umbrella of

particular international powers.
Energy Policy

As to the energy policy.in the Philippines, the Medium Term

‘Development Plan (1987-1992) was started by the New  Regime, and

severe reconsideration ~ of the energy plans was undertaken.
Acédrding to the Plan, the dependence upon'oil should be lessened
for the purpose 6f stabilizing the energy supply, for which the
comprehensive energy policy was set up such as; the diversification
of the o0il supply sources and oil products; the adjustment of
infrastructures for effective utilization of energy; diffusion of
energy saving technology and furthefing of energy storggé.
Moreover, in 1987, the particiéation of private seétbrs into the

electric power enterprises was permitted for promotion of the

‘economic development. (Executive Order 215).

Electric Power Policy

As to the electric eﬁterpriées in the_Philippines, the state owned'
NAPOCOR, since its establishment has 5één“in-chgrge of the
development of the electric powér sources, and Manila Elecffic
Company (MERALCO), a .private power distribution.company; has been

engaged in the supply of electricity mainly to Metro Manila area.



In 1969, the National Electrification Administration (NEA) was
established to supply electricity through the electrification
cooperatives organized all over the Philippines, except for Metro

Manila.

NAPOCOR has been directly controlled by the Office of the President
instead of the former Ministry of Enérgy, since the New Regime
started, and has been under the administration of the Energy

Regulatory Board (ERB) as well as the National Power Board (NPB).

Consequently, NAPOCOR is in the similar position as NEDA which -

controls the development plans of the country.

On the other hand, the National Electrification Administration
(NEA), taking charge of rural electrifications is under the control

of the Departmeﬁt of Environmental and Natural Resources‘(DENR).
3.2.2 Philippine Economy
{1) General

The economic system of therPhilippines is that of private system
. modeled éfter_the United States economic system. However, the role
of the govefnment in the national economy has become increasingly
impoftant in recent years through successive implementation of

powerful dinfrastructure improvement programs.

Tp.charaéterize the economic enviromnment of the Philippines, the

"economy based on excess labor® is often pointed out.

- In the Philippines, the unemplqyment ratio is constantly at high
levels, which was 4.6 percent in 1982, 5.5 percent in 1987, and 4.2

percent in 1988, making a major source of social unrest.



(2) Economic Indicators

a.

General

The Philippines c¢ame through a difficult economic struggle in
the past; the economic instability as a result of the oil
crisis, inflationaty and recessive pressures, and the
deterioration of world market prices for the country’s export

products.

Until 1984, the country’s economy was in a decline. Prices of
basic goods and services almost doubled from the 1980 pﬁices.
Infiation rate was recorded at 50.3 percent, and the consumer
price index was 306.20 against'the previous year’s 137.10.
The Peso-Dollar exchange rate increased to B16.70 from B11.10
in 1983.

In 19386, the government under the new leadership mahgged to
improve the economy.and provided more job opportunities for
its people. As a result, the country's Gross National Product
(GNP) at constant 1872 prices improved by 15.4 percent.
During the year, gross value added of the agriculture, fishery
and foréstry sector and services sector increased by 3.74

percent and 2.32 percent, respectively, while the industrial

‘sector repistered a negative growth of 2.74 percent. Prices

continued to increase but at a much lesser rate of 0.8 per-

cent.

The country’s economic performance was more encouraging in

1987. The increase din GNP was '5.05 perceﬁt and gfoss value

added of all three sectors likewise increased 0.72 percent for

agriculture, fishery and forestry sector,: 7,90 percent for the

industrial sector, and 4.85 percent for ‘the services sector. -

Foreign trade is another impbrtaht factor in the development
of economy. The country’s export of products is increasing
the dollar reserve available for the purchase of equipment and

other gbods from other countries.



Through the years, the Philippines’ premier trading partners
are the United States and Japan. Total trade of both countries
increased from 1985 to 1986; the United States from 2,89 to
2.90 billion U.S. Dollars and Japan from 1.61 to 1.72 billien
U.S. Dollars. Hong Kong, the Federal Republic of Germany and
Taiwan complete the list of top five countries which have
trade relations with the Philippines. Although all five
countries recorded increases in their total trade, it was only
with the United States and the Federal Republic of Ge;many_

that the Philippines registered a favorable balance of trade.
Bases of demand forecast

Various economic and demographic wvariables were used. in

projecting of energy sales to different customers.

 NEDA's latest official medium-term forecast was adopted for

economic indicators for the period 1990-1992. For 1993-2010,
three Gross_Domestic Product (GDP) scenarios {low, médium, and
high) were considered in obtaining the upper and lower limits
of demand growth. The resulting absolute GDP levels ﬁe;e then
gllocatéd to the different sectoral components of GDP ‘based on

their historical percentage shares to total GDP.

The following Table 3-1 summarizes these economic variables.



Table 3-1. Luzon Grid Economic Indicators

Average Annual Growth Rate (1)

Item
1989-19692 1993-2000 2001-2010 1989~20i0

Low_Scenario

Gross Domestic 6.4 6.1 4.8 5.6
Product (NAT.) :

GDP MFG. (NAT.) 7.8 7.1 4.4 6.0
GDP Services (ﬁAT.) 6.0 6.3 4.8 5.6
PCE (Metro Manila) 4.5 5.4 4.4 4.8
Medium Scenario

Gross Domestic 6.4 6.5 6.5 6.5
Product (NAT.)

GDP MFG. (NAT.) 7.8 7.5. 6.1 7.0
GDP Services (NAT._) 6.0 6.7 6.6 6.5
PCE (Metro Manila) 4.5 5.8 6.1 5.7
" High Scehario

Groéé Domestic 6.4 6.0 9.0 8.5
Product (NAT.) -

GDP MFG. (NAT.i 7.8 _lO;i 8.6 9.0
GDP Services (NAT.) 6.0 9.2 9.1 8.6
PCE (Metro Manila) 4.5 8.2 8.6 7.7

Note : PCE = Personal Consumption Exzpenditure
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CHAPTER 4 CURRENT POWER SITUATION IN LUZON GRID

Forecast of Power Demand and Peak Load

(1) Capacity and Annual Generation of Generating Facilities

(2)

The total installed capacity of the entire Philippines as of the

end of 1990 was 6,037 MW, out of which 4,321 MW (corresponding to

72%Z) beloved to. the Luzon Grid, whereas the Visayas Grid had 663
MW, and the Mindanao Grid 1,053 MW. The‘power generation in 1990
totaled 24,800 GWH, out of which the Luzon Grid had 18,800 GWH
(corresponding_td 76Z). The energy sold in 1990 was 22,900 GWH in
the entire grids, and 17,400 GWH (767) in the Luzon Grid.

The pbpulation serviced.in 1988 was 53,850,000 in the total grids,
and 29,690,000 (correspondiﬁg to its 55?} in the Luzbn Grid. The
electric énergy cohsumption per person was 542 KWH in the Luzon
Grid against 393 KWH in the entire grids. The energy sold in 1988
was.21,200 GWH in the entire=grids, and 16,100 GWH in the Luzon
Grid. (Refer to Table 4-1 - 4-3) '

Composition of Generating Facilities

-Thq power soﬁ:ces_are composed of 2,612 MW of the oil-fired thermal

pbﬁef'plants.jcorreépoﬁding'432 of the total), and 405 MW of the
coal-fired powef plants . (72}, thus the thermal power plants ac-

counting for 50% of the total.

The'Hydto power generating capacity is 2,132 MW corresponding to
35%Z of the total, including 300 MW of Kalayaan Pumped-sto:ége Power
Plant, and the remaining 15Z is 888 MW by the peothermal power

-plants.
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(3)

The Luzon Grid has the generating capacity of 4,321 MW, correspond-
ing to 72% of the total capacity, which is broken down to 2,135 MW
{502y of the oil-fired thermal pbwer plants, 300 MW (7%Z) of the
coal-fired thermal poﬁer plant, 1,226 MW fZSZ), of the hydro.pbwer_
plants and 660 MW (15Z) of the geothermal power plants. .It is a
peculiarity of the structure of power sources of the'Philippines
that the share of the geothermal bower generation is large as

compared with those in the other countries. (Refer to Table 4-1)
Power Démand Forecast

As for the power demand forecast, NAPOCOR made its own demand
forecast based on the forecast in the power development study
report prepared by Bechtel Corporation in Mérch 1988, and formulat~
ed the electric power development program for the entire systems in

the Philippines for 15 years from 1991 through 2005.

According to ‘this program, the maximum power demand in 2005 is
estimated at 11,428 MW, approximatély 2.8 times 4,075 MW estimated
féf 1991 (demand in 1990 was recorded at 3,974 MW). 1In the Luzon
Grid, the maximum power demand in 2005 is estimated at 8,647 MW or
2.9 times 3,013 MW estimated for 1991 (demand in 1990 was recorded
at 2,973 MW). '

These values are a little lower than the estimate based on the high

economic gfowth of 92 by Bechtel Corporation, and is fairly higher

. than the standard forecast based on 62 of the economic growth,

which is judged to be a forecast with some margin.

(Refer to Table 4-3)

Note: The values of installed capacity, GWH, etc. of the power

sources in the text were taken from 1990 Annual Report.



Table 4-1. 'SUMMARY OF INSTALLED CAPACHY
1991 POWER DEVELOPMENT PROGRAM

W
a9
0! 85 #{ods
. AR ' :
6108 6037 853 10675 - 15543 486 427 874 5.9 4.6 7.8
2683 2512 3644 3682 368 [ 1g2 8 3 5.3 0,2 0.4
2132 2132 2217 2485 3437 17 54 190 0.8 2.3 6.7
888  gag 1323 - 1603 1803 87 56 40 8.3 3.9 2.4
405 405 1355 2905 6605 190 310 740 27.3 165 - 179
- 439143216235 8114 12014 369 376 780 7.3 5.4 5.2
2205 21352805 ‘2805 2805 120 0 0 49 0.0 0.0
1226 1226 1226 1494 1794 0. 54 60 0.0 4.0 3.7
660 660 955 1015 1015 59 12 (e 7.7 i2 0.0
300 30014250 2800 6400 190 310 720 33.0 7.5 i8.0
664 663 778 856 1172 23 16 63 3.2 i9 6.5
329 328 358 396 412 6 8 3 1.7 20 0.8
.2 2 7 7 7 i 0 0 28.5 0.0 0.0
228 228 308 348 548 16 8 40 6.2 2.5 9.5
105 105 105 105 203 0 0 20 0.0 0.0 143
334 289 289 389 9 0 20 2.9 0.0 R
229 184 184 - 184 -9 0 0 -4.3 0.0 0.0
105 105 105 205 0 0 20 | .00 0.0 14.3
118 196 268 308 6 14 8 11 6.5 2.8
_ 32 32 0 6 0 . - 0.0
o i i i 0 0 o 0.0 0.0 0.0
115 - 195 235 275 | 18 8 8 1.9 3.8 3.2
80 " 80 80 80 0 0 0 0.0 0.0 0.0
80 80 80 8o - 0 0 0 0.0 0.0 0.0
0 0 0 g 1 0 0 0 - . -
113 176 176 336 13 0 32 9.3 0.0 13.9
. 63 63 63 13 0 0 - 0.0 0.0
113 i13 113 273 0 0 ‘32 0.0 0.0 19.4
21 37 43 59 3 i 3 12.0 3.1 6.5
20 . 31 37 53 2 1 3 9.2 3.8 75
1 - 6 8 5 i 0 0 43.1 0.0 0.0
1063 1053 1528 1705 2357 94 36 130 7.7 2.3 6.7
2149 149 481 . 481 481 66 0 0 264 00 0.0
904 904 984 . 984 . 1636 160 130 . 1.7 0.0 10.7
Tt .60 - 240 - 240 12 36 0 - 320 0.0

i/ Includss non-NPC plants. CAP_TOTZXLS

AR= Annual Report
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Table 4-3 ENERGY SALES AND DEMAND FORECAST SUMMARY

1991 POWER DEVELOPMENT PROGRAM

NERGYISALESIGWH)E

Uz S Al

13535 | 1355 | 2048 | 17838 | 2311 283 484 3078
17601 | 1926 3756 | 23283 | 2888 356 621 3865
17368 1818 |- 3720 | 22015 | 2973 380 621 3974

6.8 9.2 6.2 6.9 5.7 5.9 6.4 5.9
18402 | 2120 | 3941 | 24483 | 3013 407 655 | 4075
24868 | 3300 5455 | 33824 | 4072 592 307 5571
7.2 11.4 7.8 7.6 7.1 107 79 | 78
26898 | 3529 5811 | 36238 | 4405 633 966 6004
36815 | 4631 7475 | 4sg2t | 8029 812 1243 | 8084
8.2 7.0 65 | 78 | 82 65 | 65 7
39569 | 4959 | 7793 | 52821 | 6480 860 1296 | 8636
52807 6537 9304 69248 8647 1134 1647 11428

7.5 7. 58 | 72 75 6.9 sd | 72

77 | 92 7.1 77 | 76 | 86 7.2 7.7

7.6 g5 | 67 | 75 7.6 8.0 6.7 75

1/ Net of Station use and non-coincident demahd for Visa;ras and Philippines.

AR= Annual Report

SALESFCZ.XLS
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AUG 16,1991



4.2

Power Development Plan

t1) GComposition of Future Generating Facilities

(2)

The power development program up to 2005 by NAPOCOR is made on the
basis of 11,428 MW (8,647 MW in the Luzon Grid) of the peak power

damand forecast for 2005.

'This:ptogram follows the plan by Bechtel Corporation in.which the

instailed*capacity in 2005 of the entire systems in the Philippines
will reach 15,543 MW with a reserve rate of 367. The power sources
will 5e composed of 3,698 MW (ZQZ)IQf oil-fired thermal power,
3,437 MW (22%) of hydro power, 1,803 MW (12%) of geothermal power,
and 6,605 MW (42%Z) of coal-fired thermal power, and it is charac-
terized by a drastic increase of coal-fired thermal power genera-

tion,

With regard to the Luzon Grid, the total installed capacity will be

12,014 MW with 397 reserve in 2005, composed of 2,805 MW (237) of

oil-fired thermal power, 1,794 MW (15Z) of hydro power, 1,015 MW

' (9%) of geothermal power, and 6,400 MW (53%) of coal-fired thermal

power,

This power source configuration is characterized by the higher
share of coal-fired‘thérmal_power and lower share of hydro power,
and less flexibility of system regulation is feared. (Refer to

Table 4-1)
Outline of Power Development Program

The power development program by NAPOCOR for the Luzon Grid is
based on the Bechtel concept that the new hydro pbwer'development
is not economical, and the development'of geothermal and coal-

fired thermal power plants are emphasized.



(3

Espeeially, since an extreme shortage of power is foreseen in 1994,
new constructien of gas turbine generators of 210 MW in 198% and
436 MW in 1991 is planned.

Interconnection of the Luzon Grid with the Leyte Grid is planned to
introduce the geothermal power of 880 MW from Tongonan, Leyte to
Luzon from 1997 through 1999, which will necessitate the construc-
tion of interconnecting lines of Leyte - Samar - Luzon in 1997,

The Calaca II Power Plant is plahnedfto be commissioned in 1994,
and the bidding documents are now under review. There may be 2 to

3 years delay in its implementation.

The coal-fired thermalipower plant IT1 scheduled to be commissioned
in 1995 is already decided, together with the BOT scheme of con;

struction.

The coal-fired thermal power plant (Masinloc) scheduled for 1995 is
projected in Zambales, For coal-fired thermal power plant B, the
feasibility study is expected to be made soon including the selec-

tion of an appropriate site. (Refer to Table 4-4, Fig.4-1 - 4-2)
Review of the Components'of Future Generating Facilities

In view of the tendency of too much dependence uponn the imported

coal, reconsideration for the use of indigenous energy sources has

‘been pointed out. In connection with the commercemént of the study

of hydro power plants for the-regulating power sources, the restudy

of the utilization of hydro power potential of 5,000 MW in Luzon is

_undertaken as well as the expansion of Kalayaan Pumped-storage

Power Plant.

-The ‘Rockwell Thermal Powér_Plaht in Makati has become an urgent

issue for its aged deterioration and environmental pollution, and

" its earlier rehabilitation or removal out of the city is a pending

' problem;



(4)

An agreement was signed in September 1989 on USAID grant for the
feasibility study of the above. The power plant has 3 units of 60
MY and 5 units of 25 MW, totaling 305 MW, but only 2 units of 60 MW

are in operation after 25 to 38 years after commissioning.
Promotion of Power Sources Development Program

The électric powér demand and sﬁpply_balance in the Luzon Grid is
in a very tight condition caused by the abortage of supply power,
and the planned supply curtailment (or brown-out) is made as a

matter of daily routine.

The main reason of the above situation lies in the fact that the
capabilities of the existing power plants have declined largely,
and the reserve power which éppears to be 307 or more is actually

nearly zero or on the minus side.

The decrease of the reserve power is due to;

% . Decrease of output of hydro power plants due to drought,

* Output limitation and unit shutdown due to aged deterioration
of equipment and troubles, '

* Unit shutdown for maintenance,

Where the former two reasons are largely responsible. Consequent-
ly, the new power sources development projects do not proceed as

planned initially, and the delays add aghin to the supply power

shortage.

Therefore, as the countermeasure for the power shortage, it would
be essential (L) to see that there would be no furthér delay of the
power sources develbpment program, and (2) to carry out the reha-
biliﬁétion, repair’ énd. maintenance of existing power generating

facilities regularly in defiance of inevitable unit shutdowms.
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CHAPTER 3

OUTLINE OF NATIONAL POWER CORPORATION






5.2

CHAPTER 5. OUTLINE OF NATIONAL POWER GORPORATION

History of National Power Corporation

National Power Corporation (NAPOCOR) was established in 1936 aé a
pﬁblic corporation fully owned by the Philippine Government. NAPOCOR
is in charge of the constfuction and operation of power generaﬁion,
transmission and substation facilities, and sells . electric power
wholesale ‘to Manila Electric Company (MERALCO), other power
distribution companies and electric cooperatives, and also sells power

directly to some larpe customers.

NAPOCOR was originally organized to-develop hydroelectric power and
electric power from other natural resources. NAPOCOR expanded the

BCOPe_Qf operation in 1972, and purchased thermal power plants from

- MERALGO in 1978, and ever since, has been carrying out the operation

of power generation, transmission and substation facilities.
Organization Structure of NAPOCOR

NAPOCOR is_undér the jurisdiction of the Office of Enerpgy Affairs

(OEA), which is under the direct control of the President, and the

‘Energy Regulatory Board (ERB). The highest decision-making organ for

NAPOCOR is the Naticnal Power Board (NPRB).

In the Heéd:Office, the technical organization consists of

Enginéeﬁiﬂg, Luzon Operations, and VisayaslMiﬂdaﬁac Operations, while

the administrative organization consists of Administration, Finance,

Hnman-Resoﬁrtes. Planning Services, Controller, and the Office of the

General Counsel.

- As. for the310c31 organizations,'NAPOCOR has 5 region&l centers, the

Northern: Luzon Regional Center (NLRC), Southe;n Luzon Regional Center

(SLRC) and Metro Manila Regional Center (MMRC), all on Luz6n-Is1and,

~and the Visayas Regional Center (VRC).in‘the Visayas area, and the

_Mindahao Regional Center (MRC) on Mindanao Isiand.



&, ]

In an effort to rationalize and integrate job functioms, NAPOCOR is
implementing the organizational reform which includes the "early
retirement incentive program®. = Although substantial reform was
carried out in November 1991, the complete transition to the new

organizations has not yet been finished.

Manpower and Training

‘According te the manpower trend in the 'past 10 years, the number of

employees generally decreased between 1081 and.1985. but it turned to
the increasing trend after 1985. In 1950, the number of employees

reached 16,056.

The allocation of manpower ih 1990 was 74%Z for Operations, 157 for
Engineering, and 117 for Administration, which indicates that
operation and maintenance staff account for a largé'portion of the
manpower. In 1990, the number of employees for Engineering and

Operations were increased. by 1,469 and 1,633, respectively, to cope

- with the increasing projects and strengthen operation and maintenance.

Human Resources is in charge of manpower training, and is endeavoring
to develop the capabilities and technical skill of the employees.
According to the five-year records between 1986 and 1990, the annual
aﬁerage number of training course attendants was 4,071, with 875
(21.52) attending the manager and supervisor courses, 717 (17.6%Z) the
operétion and maintenance courses, 1,104 (27.12) the engineering and

computer courses, and 1,375 (33.8;) the administration courses.

Technical training is under the responsibility of the Technical
Training Division (TTD) of the Human Resources & Organizational
Development Department. However, TTD, with the: limited training
staff, has not providgd'sufficient training. . Thgrefdre, it will be
essential to increase the staff of TTD insorder_to improve the
training quality, enrich the curriculum and increase the ffequency of

training courses.



- The training center project, which was scheduled for implementation by

the ADB loan, was canceled in October 1991. The bidding documents for

the project have already been prepared. The proposed location is the

'NAPOGOR’s Housing_Compbund in Bagac, Bataan Province. Early

implementation of this project is imperative for the enrichment and

improvement of training.
Financial Situation

In 1990, the energy sales was 22,915 GWh, an increase of 3.022 over
the previous year. However, because of the power rate increases, the
operating revenue amounted to 25,779 million Pesos, an increase of

25.087 over the previous year.

On the other hand, due to the rise of crude oil prices and other costs
caused by the Gulf Crisis, the operating expenses amounted to 21,660
million Pesos, an increase of 41.47% over the previous year, resulting

in the net income loss of 65 million Pesos.

In 1991, it is anticipated that the financial situation will become
even worse due to the rise in oil prices caused .by the Gulf War and
the devaluation of Peso. A provisional calculation shows that the net
income loss will be 2,941 million Pesos, the return on rate baée 3.5%,

and the debt service ratio 0.6.

NAPOCOR plans the financial improvement by raising the power rates and
enhancing the operational efficiency, to fulfill the loan requirements

of the World Bank and other financial institutions of the return on

‘rate base of 87 and the debt service ratio of 1.5.

Power Rates

The power rates of NAPOCOR are determined by the National Power Board.
The automatic adjustment system, that will automatically'adjust the
power rates with the changes in fuel prices and the exchange.rate. is

scheduled to be approved in 1992.



As the power rates are determined based on the generating costs, the
rates vary with each grid, reflecting the differences in power source
structure by grid. Thé_average power rate in the Mindanao Grid, where
power ls mostly ‘generated by hydro power plants, is approximately 582
of that in the Luzon and Visayas Grids where power is mainly genefated

by thermal power plants.

In addition, the power rates vary depending on the customers. The
rates for electric cooperatives are set fairly low to encourage

electrification in the rural areas.

After 1986, the avérage power rates showed a decreasing tendency,
however, in 1990, power rates wére raised due to the rise of-crﬁde oil
prices, resulting in an increase of 20.1% in the average power rates.
The rate increases in 1990 was 41.47 for the Luzon Grid, 39.4% for the
Visayas Grid, 16;9; for the Miﬁdanao_Grid and 38.5Z for the whole
Philippines. Yet, since the rate increases were implemented seven
times through the year, the effects are to be realized in both 1990
and 1991. '

NAPOCOR plans to increase the power rates at an annual averhge rate of

12.17 between 1992 and 1994.
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CHAPTER 6 MASTER PLAN OF 5-YEAR REHABILITATION/RENOVATION OF POWER FACILITIES

6.1 Thermal Power Plants

6.1.1 Current Status, intluding Problems, of Thermal Power Facilities

1. Outline of Thermal Power Plants

(1) HNumber of Thermal Power Plants and Total Installed Capacity

(Number of units)

All thermal power plants in the Luzon Grid are under the

jurisdiction of the Metro Manila Regional Center (MMRC). The

status as of August 1991 is as follows:

‘Steam power plant

Gas turbine power plant

Total

5 plants 2,225 MW (11 units)
2 plants 210 MW { 7 units)
7 plants 2,435 MW (18 units)

The breakdown of the above is given in Table 6-1-1.

Table 6-1-1 List of Thermal Power Plants  (As .of Aug.

1991)
Power Installed | Unit Unit | Year of Running
. Location Capacity | Cap. : -
Plant (MW No. (MW) | Commission | Years
Bataan Limay, Bataan 225 1 75 1972 {19
2 150 1977 14
Sucat Muntinglupa 850 1 150 1968 |23 *1
Metro Manila 2 200 -1870 21 *2}
: 3 200 1971 20 *2)
& 300 1972 19 *1)
‘Manila Ermita, Manila 200 1 100 1965 26
: B 2 100 1966 25
Malaya Pililla, Rizal| 650 1 300 1975 16 *3)
’ : . 2 350 19_79 12 *4)
Subtotal 0il-fired 1,925Md | 10 units |
Batangas Calaca. 300 1 300 1984 7 :
o Batangas %
‘Bubtotal Coal-fired 300MW 1 unit
‘Bataan Limay, Bataan 120 1 30 1989 2 !
Gas ., i : 2 30 1989 2 '
Turbine - ; 3 30 1989 2 i
) : 4 30 1989 2 :
Malaya Pililla, Rizal | 20 1 30 1989 2
Gas _ - 2 30 1989 2
Turbine ! 3 30 1989 2 :
Subtotal Gas Turbine { 210MW 7 units
Total Thermal I 2,435MW 18 units _
Note: Rehsbilitation Project *1) Implemented in 1990
; *¥2} To be implemented in 1992 and 1993
*3) Implemented in 1987
*#4) Implemented in 1986



(2)

Outline of Thermal Power Plant Facilities

The outline is shown in Table 6-1-5, "Summary of Thermal Power

Plant Facilities.®

Current Status of Thermal Power Plants

2.
(1) Reduced Output of Thermal Power Plants
As shown in Table 6-1-2, the present total capability of
thermal power plants as of November, 1991 is roughly 83% of
the total rated capacity.
Large output drops are seen with the Bataan No. 1,'Sucat No.
2, and Malaya No. 1 Units.
Table 6-1-2 Rated Capacity VS Present Capability (As of Nov. 1991)
o Total
Power Rate§ ‘ Presevt‘ Bl/A Yeéx ?f Operating
Plant Unit No. |Capacity |Capability Com¢1331on Hours
A(MW) B(MW) {(Z) | (Running Years) (Ht)
. *5)
Bataan No.l 75 *50 67 1972 (19) | 120,772
Bataan No.2 150 #130 87 | 1977 (14) | 91,305
Manila No.1l 100 90 90 19865 (26) 200,505
Manila No.2 100 95 g5 . 1966 (25) 185,935
0il- | Sucat No.l #1)| 150 120 80 1968 (23) |149,739
Fired : _
Sucat No.2 *2) 200 #150 75 1970 (21) 121,946
Sucat No.3 *2)| 200 160 8o | 1971 (20) |118,427
Sucat No.4 *#1) 300 300 100 1972 (19) 96,634
Malaya No.1 *%3) 300 210 70 1975 (16) 96,954
Malaya No.2 *4&) 350 290 1 83 1979 (12} 83,405
Coal- | Batangas No.1 300 260 87 1984 ( 7) 43,301
Fired ' .
Total 2,225 1,855 | 83 O R
Note: Rehabllltatlon Project *1) Implemented in 1990

% Capability prlor to

overhauling

*2) To be implemented in 1992 and 1993
*3) Implemented in 1987
*4) Implemented in 1986
*5) As of Dec. 1990

6 -~ 2



(2)

Intreased Heat Rate of Thermal Power Plants'(loﬁered plant

efficiency)

Fig. 6-1-1 shows the thermal efficiency plotted from Table

6-1-3 Comparative Gross Heat Rate and Thermal Efficiency.

With -all units, the heat rates (or thermal efficiency)'have
fallen below the design or guaranteed heat rates owing to the
deterioration caused by age. (réfer to Table £6-1-3 c¢ja; ¢ =

current heat rate, a = designed or guaranteed heat rate)

The worst three are the Sucat No. 3 {(cfa = 1.483), Bataan
No. 1 (efa = 1.226) and Sucat No. 2 (cfa = 1.214). '

Flg 6-1-1 Present Status of Thermal Efficiency at Thermal Power Plants

Thermal Efficiency (%)}
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Table 6-1-3 Comparative Gross Heat Rate and Thermal Efficiency (As of Jun.1991)

Power Plant

Gross Heat Rate(BTU/KWH) . Thermal Efficiency (%)

Rated
Unit No. Capacity| Design/ Acceptance; Before After O/H
{(MH) Guaranteed | test 0/H expected.
{a) (b) (c) (d) (c/a) | (d/a)
Bataan No.1l 75 37.6% 37.1% 30.7% 33.4%
9,070 9.190 | 11,120 | 10,200 | 1.226| 1.125
Bataan No.? 150 38.5% | 38.6%| 33.9%|  35.5%
8,850 8.840 | 10,070 | 9,620 | 1.138| 1.087
Manila No.l 100 37.3% 37.6% 33.5% 34.9% -
9,138 9,060 | 10,185 9,775 | 1.115| 1.070
Manila No.2 100 37.3% |  38,1%| 33.5%| 34.8%
9,138 8,955 | 10,190 9,800 | 1.115| 1.072
Sucat No.l 150 37.1% ) x 37.1% | 34.1% 34.9% _
- | 9,190 (1980) | 9,990 9,770 | 1.087 | 1.063
Sucat No.2 200 36.9% | % 36.9% 30.4% 32.0%|
9,239 |(predicted) 11,220 | 10,650 | 1.214 | 1.153
Sucat No.3 200 36.9% | . 36.9%| 24.9% |  29.1%| |
- 9,239 |(predicted) 13,700 | 11,725 | 1.483| 1.269
Sucat No.4 300 37.5% | x 37.2% | 33.0%|  33.8%
9,104 | (1990) | 10,320 | 10,095 | 1.134| 1.109
talaya No.1 300 37.5% |  35.9% | 31.3%)|  32.5% )
9,104 (1987) | 10,885 | 10,505 | 1.196) 1.154
Malaya No.2 350 37.9% | % 37.4%| 35.9%| 36.6%
= 8,998 (1986) | 9,490 9,330 | 1.055] 1.037
Batangas No.1 300 38.4% 39.0% |  35.9% 37.0% |
8,876 9,520 9,220 | 1.073| 1.039

8,760

Note:

*-Based on acceptance test
after rehabilitaion
a-Based on franufacturers

design/guaranteed performance

b-~Based on acceptarce test

after construction

c~-hctual performance for the

month of May 1991

d-Expected performance after
overhaulihg

« Thermal efficiency'is'calculated from
Gross Heat Rate,by the following
conversion rates.

1 kcal
860 kecal

= 3

.96832 BTU
= 3,413 BIU



{3) Wumber of Forced Qutages gt Thermal Power Plants

The number of forced outages in the previous S years (1986~
'1990) is graphed out in Fig. 6-1-2. The distinctive findings

are as follows:

a. The power plénts where annual forced outages were
relatively numerous throughout the previous 5 years:
. Oil-fired thermal powet plant'- Bataan No. 1 & 2,
Malaya No. 1 & 2.

With the Malaya No. 1 Unit, forced outages occurred
frequently after rehabilitation, while with Malaya
_Nq. 2 Unit, frequent forced outages occurred in 1960
through 1991.

. .Gbal;fited thermal power plént - Batangas No.'1

The number of forced outages with coal-fired thermal

power.plants is higher than'with oil-fired thermal
power plants. This is considered to be dye to the
differepce in fuel, and should be treatéd sgpgrétely

from the problem of aged deterioration.

b. - The power plants which suffered relatively few annual

forced outages throughout the previous 5 years:
« - 0Oil-fired thermal power plants - Sucat No. 1 & 2
¢. In 1990, the annuél-forced outages in the'power plant
units, except for the Manila No. 1 & 2, were higher than
in prévipus years.
(4) Maintenance Cutage Hours of Thermal Power Plants -
The maintenance outage hours (including planned outages) in

the previous 5 years are converted into months and shown. in

Fig. 6-1-2.



According to the NAPOGOR plan, the average length of a
periodic inspection & repair (once a year) is 40 days for
conventionai unit (Drum type), 60 days for once-through unit
and coal-fired unit. Therefore, if the annual maintenance
cutage period is somewhere Dbetween 1.3--2.0 months in the
Figure, it should not be regarded as abnormal in view of the
running years of the respective units. It may be that the
units with an annual maintenance outage exceeding the above-
mentioned length needed repairs due to accidents or aged

deterioration.
The distinctive findings from the Figure are as follows:

a. With Bataan No. 2, an increasing tendency is noted in the
number of forced outages and in the length of maintenance

outages.

b. With Sucat No. 2 & 3, the annual maintenance outage
period exceeded 3 months in some different years. Also,
an increasing tendency is observed in their numbers of
annual forced outages; which had been relétively small

previously.



Annual Forced Outage Times and Annwal Maintenance Dutage Hours

Flg. 6-1-2
Pogﬁgtpég?t 1986 1987 1986 1989 1990
| 2.1 2.0} 2.1
Bataan No.l 18
2.0 23

Bataan No.2

3 1.3
v
Manila No.1 1.8 1.3
10 - 3 .6
// 7| |
. 1.8
Manila Np.2 . 0.9 0.8
'3
27 BZ771 03 I
Sucat No.l
3 0 2 0.3 2
il 05 it B s
. [ ] 2.0
Sucat No.2 NN 1.5 1.8
. ' 7
2 3 2
P 1 3y } Ay | | S Fr7a Vﬁl 0'3
3.3 4.3 2.3
Sucat No.3 1.4 r\;; 1.8
Rk T 5 0.5 | 19
5 , 2 . 7
EZA #H Pnﬂ P///] [zl 1 /é//,
3.6 . 102
3.2 .
Sucat No.4
Malaya No.1 -
Malaya No.2

Bétaﬁgas No.1 | 16 ¢ % L7 4 1 1.8 Z

‘Note: 7777 Amual Forced Outage Timés
(7] Annual Maintenance Outage Hours (In Months)
777 Rehabilitation .
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Increase of Heat Rate (Pxesent/besign or Gﬁaranteed)

Fig. 6-1-3 Present Conditions of Thermal Power Plants

(Capacity and heat rate)
L A Sucat-
1.48 _ ucg 3
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/ //
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(%)

Summary of Present Status of Thermal Power Plant Units

Generally, the service life of a thermal power unit is.
said te be 30 years. According to this scale, the

existing units are generally in the middle-age, and some

~are appreaching the retirement age.

Except for Batangas No, 1 Unit of 7 years in operation,
all units have exceeded 10 years. Every_unit at Manila
and Sucat Power Plants has 19-26 running years. More
specifically, 6 units out of 11 units have exceeded 6ne
hundred thousand rumnming hours. Most of all, the runnihg
hours of Manila No. 1 Unit have surpassed two hundred

thousand hours.
As the aged deterioration with these units is advanced,
appropriate rehabilitation or planned maintenance is

called for.

Fig. 6-1-3 is the macroscopic illustration of the present

-status of gacﬁ unit indicated'by both the aforementioned

factors of reduced output and increased heat rate,

Before deciding the order’ of implementation of the
rehabilitation or planned maintenance, consideration
should be given to the expected results for each power
plant to be obtained through the implementation of the
rehébilitation or planned maintenance (discussed in

detail in Clause 6.1.3).

In addition to the findings from Fig. 6-1-3, the recent
S5-year results of thHe annual number of forced outages and

maintenance outage lengths with each power plant unit are

:recapitulatéd below.

(a) Sucat No. 2 & No. 3 Uﬁits shonld be given the

~priority for rehabilitation. In fact, their

rehabilitation work is'scheduled for 1992 and 1993



(b}

(c)

(dy

respectively. The contractors for the work have
been appointed, and the check and review by the
consultant of the drawings submitted by the manufac-

turers is in progress.

Malaya No. 2 Unit and Sucat No. 1 Unit are in
relatively good condition when compared with other
units, regardless of the fact that their last
rehabilitations were made roughly 5 years ago with

the former unit and one year ago with the latter.

Batangas No. 1 Unit (coal-fired) is in relatively
good condition, although it has been confronted to a
number of inevitable problems due to the designated

fuel of low grade coal.

Both Manila No. 1 and No..z Units are in relatively
good condition, considering they have been running
for over 25 years. Therefore, if it is imperafiVe
to méiﬁtain their generating capacity of 200 MW in
fﬁll for the coming 10 yéars, rehabilitation is
recommended for implementation before their service
life expires (that is, within the coming 5-6 yeérs).

(refer to Fig., 6-1-4)
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Fig. 6-1-4 Summary of Present Status of Thermal Power Plant Units

The following three elements were evaluated in summarizing the
present status of the power plant units microscopically. For the
final judgment, other factors such as the specific deteriorated
conditions of the major equipment of the respective units should be

considered as well.

(1) Output decrease and heat rea£ increase {See Fig. 6-1-3)
(2) Total operating hous ‘ '(See Table 6-1-2)
(3) Annual maintenance ou;age hours | {See Fig. 6-1-2)
. The power plant ﬁnits:are listed in the order from the worst for

each of.(i}, {2) and {3) factors.

Order {1) (2) o (3) Total
1 Sucat No.3 Manila No.l

rBataan No.25

2 Bataan No.l-} [fManila No.2 ucat No.3 Sucat No.2
3 Sucat No.2 Sucat No.l Sucat No.2 Manila No.1
4 Malaya No.1l Sucat No.2 Bataan No.l- A Manila No.2
5 Bataan No;z—\ Bataan No.l \Manila No.1-/ A-Bataan No.l
6 Sucat  No.4 Sucat No.3- ) \Manila No.2”/ LBataan No.2
7 Manila No.l—/ Malaya'No.l. Malaya No.l—*Malaya No.l
8  Manila No.2 Sucat No.4~ |-Malaya No.2—*Malaya No.2
9 Sucat No.l Bataan No.2 Sucat No.1—*Sucat HNo.l
10 Malayé No.2 ‘Malaya No.2 Sucat No.4——*Sucat No.4
11 Batangas No.l ' |

(Batangas P.P. is excluded because it is a coal-fired

thermal power plant.)

(Note) *With Sucat No. 1 and No. 4 Units, one year has passed

since the completion of rehabilitation.

With Malay& No. 1 and No. 2 Units, four years have passed

since the completion of rehabilitation.
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3.

Problems of Thermal Power Plant Units and Countermeasures

(1)

(2)

Causes of Reduced Output and Counteérmeasures

The causes of the reduced output and the countermeasures are
listed in Table 6-1-4.

Problems with Equipment and Countermeasures

The problems with the equipment in the power plant units and

the basic countermeasures were surveyed.

The problems collected during the site survey are classified
into Turbine (T), Beiler (B}, Electric (E), Instrument &

Control {IC), and other Miscellaneous facilities (M).

The number of problems falling under each category is totaled

as shown bglow.

: N Major Problems
~ Plant Unit . — T :
' T B E ‘IC M Total
Bataan  No. 1 10 15 17 12 3 57
No. 2 11 11 8 13 . 3 46
Manila No. 1 |. 8 | 16 1 9 1% | s 52
No. 2 8 16 9 14 5 52
Sucat No., 1 2 i - - - 3
No. 2 9 19 10 39 g8 | 85
No. 3 10 18 9 .39 '8 84
No. 4 3 2 2 1 - 8
Malaya No. 1 6 5 11 2 28
No.2 [ 5] 5 2 ‘10 | 2 24
Batangas No. 1 4 22 | 3 e - 29
T : Turbine
B : Boiler
E : Electrical Equip.
IC: Instrument & Control
M : Miscellaneous and Chemlcal Equlp
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Table 6-1-4

1 Main condenser'tube leak suspected as evident by hlgh

port rings.

chloride concentratlon in condensate water.

Rated Capacity VS Present Capability
s (As of Nov. 1991)
) Rated Tapacity & | Prosent. B/75 X T00 ; T : . .
Plant » Unit QW) Capability B(MA) %) Reason for Deratlng/Load Limitation Action Plan/Corrective Measures
Insufficient combustlon air due to deterlorated and Presently undergoing (75 days) Major Overhaulin
% . g
Bataan _ No.1 75 50 67 corroded AH elements, and gas ducts leak from Oct. 5, 1991 to Dec. 18, 1991.
T.ow steam pressure, high silica in feedwater, dete- As excessive v1brat10n occurred duxlng the test
Bataan No.?2 150 *130 87 riorated AH elements/seals operation after the repair of the generator rotor,
the test operation will be repeated after repairing.
X - . Scheduled for (40 days) Annual Overhauling from Jan. |
Manila No.l 100 80 90 Low condenser vacuum due to dirty condenser tubes 13, 1992 to Feb. 21, 1992.
o ' - ' . Scheduled for (40days) Annual Overhauling from May
Manila No.2 106 35 95 | Low condenser vacuum due to dirty condenser tubes 30, 1992 to Jul. 8, 1992.
* . ) . C A .
Sucat = No.l 150 120 80 1| ¥ seal leakage and turbine control valve problem Maintenance scheduled for Jam. 1892.
Unit operatlng at reduced pressure due to weak boiler | Presently undergoing Annual Overhauling and main
tubes. condenser retubing from Aug. 16, 1991 to Dec. 5,
Imsufficient air flow die to derated capacity of FDF 1991. _
' Sucat No. 2 200 %150 75 2 2A caused by heating of motor 1nbeard bearing. Expected to recover rated capacity after rehabilita-
: Excessive number of plugged main condenser tubes. tion schedule to begin in May 1993.
High boiler make-up due to continuous operatlon of :
main and hogging ejectors.
Unit operating at reduced pressure due to weak boiler | Anmual Overhauling (75 days) and AH rehabilitation
: tubes. _ : finished in May 26, 1991 through Aug. 7, 1991.
Sucat No.3 200 160 80 *2 | High turbine thrust bearing temp. | Expected to recover rated capacity after rehabilita-
: T tion scheduled to begin in July 1992.
Sucat No. 4 300 300 100 *1 Unit rehabilitated in 1990.
' . ' = Capability limited due to heatlng of generator stator Generator stator core end inspection to be made
* ) .
Malaya Nof% 300 210 70 *3 core. during the Overhauling in 1992.
.| Operating at reduced pressure due to weak boiler tubes.| Annual Overhauling (90 days)‘scheduled for Aug. 30,
*
Malaya No.2 350 290 83 *4 (W/W, SH and RH) 1982 to Nov. 27, 1992.
Operatlng at reduced pressure due to weak b01ler ‘tubes | Annual Overhauling (60 days) scheduled for Feb. 20,
and simmering V1 drum safty valve. 1992 to Apr. 19, 1992.
' _ Decrease in primary air supply capa01ty due to excessi-
Batangas No.l 300 260 87 ve clearances caused by er0810n of coal pulverizer air

Note : Rehabilitation Project

%1 implemented in 1990.
*2  to be implemented in 1992 and 1993.
3 implemented in 1987.
*4 implemented in 1986.
* Capability prior to overhauling
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6.1.2 Planning of S5-year Rehabilitation Project for Thermal Power Plant Units
(Master Plan) '

1,

Rehabilitation in Progress

‘NAPOCOR is now carrying out the rehabilitation of Sucat No. 2 and

No. 3 units, and the execution period is scheduled as follows
(Refer to the Fig. 6-1-5 Work Schedule): '

Sucat No. 2 (May 1993 - April 1994) .
Sucat No. 3 (July 1992 - May  1993)

Criteria for Selection of Rehabilitation Items

The selection criteria are as follows:

(1) “Renovation of the equipment for which the service Llife will

expire within next few years

(2) Advance renewal of the equipment which, in the event of
breakdown or stoppage, would create major problems,'incur

large expensés, and require extended time. in restoration.

(3) Improvements required for pollution prevention and

environmental improvement.

(4  Advance renewal of old facilities, vital for safe operation,
for whiéh'acquisition of spare pafts is already difficult or

will become difficult:-in the future.

(5) Renewal or supply of the parts which, if maintenance is
postponed, would entail large costs and extended outage time

in the future.

Effect or Purpose of Rehabilitation

(1) Restoration of full power plant output,

6 - 16



(2)

(3)

(&)

(3)

Restoration or improvement of thermal efficiency,

Extension of service life or confirmation of remaining service

life,
Restoration or improvement of operational reliability,

Improvement of environmental safeguards (prevention of

pollution, envirommental protection), etc.

Seglection of Rehabilitation Items

ANNEX 1.'shows the results of selection of the rehabilitation

items.

Problems with Batangas Power Plant No. 1 Unit and Countermeasures

(1)

(2)

Pending Problems

There are problems of clogging of coal bunkers and coal
transfer tower hoppers. These are the problems pending with
the improvement works already finished, and aré not taken up
in the present rehabilitation program. o

The remaining one is the countermeasure against flying dust at
the coal stockyard, and it is advisable that this work be
carried out in the construction works of No. 2 Unit in the

future.
Measure for Reddvery of Rated Output

The output of the Unit is down from the :ated 300 MW. to 260 MW
(as of November 1991) for reasons described in Table 6-1-4.
Especially, if the weak boiler tubes are causéd by erosion and
such caﬁSes3due to the low quality of coal, there would be no
other means of coping with this problems than to tackle these

in the periodical overhauls. It is éonsidered that the other

problems also can be solved by periodical overhauls, for the

time being.
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(3) Fundamental Countermeasure

a. It seems that the power plant is sufferlng from frequent
' troubles even after the improvement works of the coal-
related facilities, because of the domestic coal (Run of
Mine) of extremely poor quality. The power plant is
seized with the dilemma between the national policy for
increased consumption of domestib ceal (Run of Mine) and
various problems and increased volume of maintenance

works due to the poor quality of the coal.

b. Many problems arising with the boiler fac111tles and the
environmental measures can be said to be due to the
problems of the domestic coal. As the fundamental
countermeasure, it would be important to have the quality
of domestic coal improved_and to suppress the use of
domestic coal (blending ratio with imported coal) below a
reasonable level. The proposal submitted by JICA in 1988

was the guideline to this purpose.
Work Schedule in 5-year Master Plan
The work schedule in the 5-year master plan is provided in

Fig. 6-1-5, which is based on the consideration of the priority of

rehabilitation items discussed in 6.1.3.
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Fig 6—1-5 Scohoedule for Master Plan on 5~Year Rehabilitation
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6.1.3 Order of Priority for Rehabilitation

1.

Method of Priority Evaluation for Power Plants and Units

The order of priority will be examined in the following procedure:

1lst stage

Summarized present conditions
of each power plarnt
.Decreased output
.Increased heat rate
.Total operating hours
.Maintenance outage hours

per year

Planning of priority
for power plant units

Rehabilitation projects
.Already executed
=% low priority
.Already contracted
. =< high priority

Unit capacity (Size)
" .5maller capacity

-- low priority
.Larger capacity
-~ high priority

2nd_stage

Rehabilitation cost and
effects
".Rehabilitation cost
estimate
" .Macroscopic comparison of
the expected effects of
- rehabilitation’

3rd stage

Adjustment with other related
factors

.Power development program
{including power generation

plans}
.Maintenance ‘plans

.Development foperation plan

for transmission lines
.Others

FaiaY

£y
h—y
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2.

Result of Evaluwation Priority

{1) Result of 1st Stage Evaluation

Given below is the result of the 1st stage evaluation, which

shows the same order of priority as Fig. 6-1-4 Summary of

Present Status of Thermal Power Plant Units.

Order Power plant . unit Output Remarks
1. Sucat No. 3 200 MW Rehabilitation project
_ } in progress
2. Sucat No. 2 200 MW
3. Manila No. 1 100 MW Based on the 30-year
. } service life,
4, Manila No. 2 100 MW | rehabilitation should
be completed by
April 1996
5. Bataan No. 1 75 MW Total operating hours:
' 120,772 Hr.
6. Bataan No. 2 150 MW 91,305 Hr.
7. Malaya No. 1 300 MW 96,954 Hr.
8. Malaya No. 2 350 MW 83,405 Hr.
9. Sucat No. 1 150 MW 149,739 Hr.
10. Sucat No. 4 300 MW 9_6.634 Hr.
Note: * marked units have already been rehabilitated. For

these units, it is supggested that the existing
problems be corrected systematically during the

periodic overhaul work.
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(2)

Result of 2nd Stage Evaluation

a.

Rehabilitation Cost Estimate

The eétimated rehabilitation costs for Manila No. 1 & No.
2 Units and Bataan No. 1 & No. 2 Units are shown below.
For Sucat No. 2 & No. 3 Units, rounded figures are given

based on the amounts in the already executed

rehabilitation contract.

Power plant unit Rehabilitation cost
(including consultant fees)

Manila No. 1 1 US$110,000 x 103
Manilag ¥Ma. 2 |

Bataan:No. 1 . US$ 37,500 x 103
Bataan No. 2  US$ 79,500 x 10°

Sucat No. 2 = US$ 74,468 x 10° (¥10,500 x 109)
{exch. rate ¥141/USS1)

Sucat No. 3  US$ 92,624 x 103 (¥13,060 x 109)
(exch. rate ¥141/US$1)

b. Macroscopic Comparison of Rehabilitation Effects

{a) Method of Macroscopic Comparison of Rehabilitation

- Effects

As & result of rehabilitation, the plant
efficiency will be restored. Such restoration

is illustrated in Fig. 6-1-6.

By calculation of the balance between'ﬁhe
estimated fuel savings obtained through the
restoréd plant efficiency and the rehabilitation
.cost per . kWh, é'qmcfcscopic comparison of the

rehabilitation effects was attempted.

3
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. The macroscopic comparison of the rehabilitation
effects revealed the following order of effects

in a descending scale.

Results of

Calculation of

rehabilitation

effects Priority in the 1st Stage
Sucat No. 3 Sucat No. 3
Sucat No. 2 Sucat No. 2
Bataan No. 1 Manila No. 1
Manila No. 1 Manila No. 2
Manila No. 2 Bataan No. 1
Bataan No. 2 Bataan No. 2

Result of the 2nd Stage Evaluation .

Comprehensively considering the 1st stage result and the
ahove_result,'it was decided that the priority order
given .in the 1st stage evaluation should be maintained

for the following reasons:

{2) Bataan No. 1 and No. 2 Units should be rehabilitaﬁed'
consecutively to optimize mobilization of personnel
and equipment and dispatching foreign technicians

and consultants.

(b) Unless Manila No. 1 & No. 2 Units are fehabilitated
immediately after the completion of Sucat No. 2 Unit
rehabilitation, the running years of these two

units will exceed 30 years.
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Fig. 6-1-6 Recovery of Efficiency by Rehabilitation or Overhaul
(June 1991}
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{3) Results of 3rd Stage Evaluation

a. Ad justment with Power Development Plan (including Power

Generation Plan)

The term of the 5-year Master Plan for power plant
rehabiiitation is set to be 1994 to 1998. The power
development plan and power generation plan ﬁp to 2005 are
shown in Tables 4-1 -~ 4-4, Table 6-1-6 and Fig. 6-1-7.
As is vlearly indicated in these tables, it is_estimated
that the existing thermal power plants need to be
operated at the annual capacity factor of 702 on an

average,
'b. Adjustment with Maintenance Plan

- The implementation period for rehabilitation of Sucat No.
2 & No. 3 Units is scheduled as shown in Fig. 6-1-5.
Therefore, in reference to the 2nd stage evaluation
results, the rehabilitation schedule was arranged for the

other power plant units.

The periodic overhaul for each power plant should be
écheduled, in principle;.for once a year.. Also, periodic
overhaul should be coordinated to minimize the
'overlapping periods between the jower plénts and, in
addition, not to increase shutdown capacity' dﬁring_the
overlapping period. . The final rehabilitation work sched-
"ule was drawn up as shown in Fig. 6-1-5 after discussions

with NAPOCOR during the 2nd stage field investigation.
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ANNEX 1. SUMMARY OF MAJOR REHABILITATION WORKS
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Geothermal Power Plant

There are two geothermal power plants in the Luzon Grid, Tiwi and Mak-
Ban. The installed capacity of each power plant is 330 MW, or 35 MW x 6
Units (660 MW in total). The installed capacity of these power plants
has the share of 15% of the system total and the annual generation 24%
in 1996. The capacity factor in 1950 recorded 68Z in Tiwi and 88Z in

Mak-Ban.

The reason why the capacity factor of Tiwi was conspicuously lower than
that of Mak-Ban is the insufficient steam supply in the Tiwi geothermal
area. If the necessary quantity of steam supply is available, Tiwi may

be operated with a capacity factor higher than 85%.
Present Situstion and Problems in Tiwi Geothermal Power Plant
1. Geothermal Steam Supply

The steam suéply necessary for operation at the installed capacity
of 330 HW (55 MW x 6 Units) is 3,125 t/hr, and the geothermal steam
available from PGI, the steam supplier, is 2,360 t/hr as of the end
of Juiy 1991. Thus, it is short of the steam requirement by 765
ﬁ}hr, or.80 M equivalent.

2, Present Status of Steam Supply'and Power Plant Facilities
The total number of shutdowns of Units 1 to 6 in Tiwi Geothermal
Power Plant in 5 years from 1986 to 1990 was 325 and the total

shutdown period'was-1,476 days, which is equivalent to 13.5Z of the

total operating days.
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