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_PREFACE

In response to the request of the Government of the Republic of
the Philippines, the Government of Japan decided to conduct a survey on
Leyte Power Transmission Project .and entrusted the survey to the Japan
International Cooperation Agency (JICA). -The JICA sent to the Philippines
a survey team headed by Mr. Hitoshi Kitazawa from March 2 to March 31,
from July 5 to July 25 and from October 7 to October 21, 1981,

The team exchanged views with the officials concerned of the
Government of -the Philippines and conducted a field survey in Luzonm,
‘Leyte and Samar areas. After the team returned to Japan, further
studies were made and the present repoxt has been prepared.

I hope that this report will serve for the development of the
Project and contribute to the promotion of friéndly relations between
our two countries.

T wish to express my deep’ appreciation to the officials concerned
of the Government of the Republic of the Philippines for their close
cooperation extended to the team.

February, 1982

JGgde  Ade

Keisuke Arita, President
J@mlﬂﬂmﬁmﬂCmmmﬂm
Agency






LETTER OF TRANSMITTAL

Mr. Keisuke Arita, President
Japan International Cocperation Agency

Dear Sir:

Herewiﬁh'submitted_is a feasibiliﬁy study report on the Leyte Power
Transmission Project, the Republic of the Philippines.

The objectives of the study were to investigate and examine, in
accordance with the commission given by Japan Internatiomal Cooperation
Agency, the technical and economical feasibilities for realization of
power transmission project of geothetrmal power in Leyte to Luzon grid.

In order to achieve the objeéctives, a ten-member survey team headed
by Mr. Hitoshi Kitazawa; of Electric Power Development Co., Ltd. was organ~
~ized and sent, making a joint venture by Electric Power Development Co.,
Ltd. and Nippon Koeil Co., Ltd., and field investigation was conducted
during a 30 day period from March 2 to March 31, 1981, on topographical
survey of submarine cable route, converter stations, sea’ electrodes,
overhead transmission line route and radio repeating stations, various
investigation for demand forecasting and basic data collection on meteor-
‘ology etc. The survey team examined and analyzed the results of the field
investigation and provided a basic plan of Leyte power transmission for the
study of the fundamental features of the project and additional field
investigation for modification of the project requested by NAPOCOR were
done respectively in July and October 1981 for complete planning and data
collection. Depending on the result of the fileld investigation, the survey
team carried out load forecasts in Leyte-Samar and Luzon, planning and
preliminary design of the transmission project, power system analysis,
cost estimation, construction schedule, economic evaluatlion, financial
analysis, and prepared the feasibility report,

Leyte power transmission project is an actual method to realize the
important policy of deducing oil dependence by the Government of the
Philippines and early completion of the project is strongly desired by the
Philippine Government for oil conservation and it is sure that the project
will greately contribute to the development of the Philippines.

Finally, the teanm expresses -its sincerest and deepest gratitude to
all those persons concerned of National Power Corporation and other related
agencies of ‘the Government of the Philippines for their kind cooperation in
carrying out the study, as well as those persons concerned of the Ministry
of Foreign Affairs, the Ministry of International Trade and Industry of
Japan, the Embassy of Japan in the Philippines and the Japan Intermational
Cooperation Agency for their hearty assistance,

H. Kt

Hitoshil Kitazawa, Team Leader
Survey Team for Feasibility.
Study on the Leyte Power
Transmission

February, 1982
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1.

1

CHAPTER 1 . INTRODUCTION

Background

T

'The Government of the Republic of the Philippines aonounced in

September of 1977 approving and adopting the £i§é¥year'Phi1ippiné

Development plan for 1978 to 1982 as well as ten-year development

plan for 1978 to 1987 and a long-term development plan.up to the

year 2000.

Planned reduction of dependence of energy consumption in the .

Philippines on oil was indicatéd as a large target in these
pfograms. It was planned to reduce it to-seventy (70) per'éent
in 1987 and further to.fiffy (50) per cent.bf the year 2000 from
the current level éf ninety‘five.(QS)_per cent. it was planned

to make efforts in the development of indigenous energy sources

such as hydraulic, coal and geothermal emergy for this_purpoSe.

Development of geothermal energy sources was commenced in Leyte

Island since the beginning of 1970's. A test piant'of 3,000 KW

commeﬁced_its operation in the middle of 1977 in Tongonan, and a
plant of 37.5 MW X 3 is under construction for supplying electric
pbwer to Leyte and Samar areas incldding Igabel Industrial Complex

in Leyte in 1983. In addition to the ébove, development of geo-

thermal energy sources for the'electric.power of 440 MW has been

.confirmed in Tongonan area. It has been planned by NAPOCOR to



construct the power plants for utilization of these geothermal
energy by 1985 and to develop further geothermal energy of 550 MW

by the year 1993.

. It is planned to transmit the electric power generated at these
power plants to Metro-Manile_aod its vicinity for making a major -

contribution to reduction of consumption of oil.

For traoemiseion of.eleetric power froﬁ.Tongonen in Leyte'to
_ Metro—Manlla, 1ong distance transmission lines of as 1oog as
'about 900 KM should be constructed including crossing of San
Bernardlno Stralght by méans of submarlne cables,_and construc-

tion of a viable project requires thorough examination.

IIW1th the matters descrlbed above as the background, .  NAPOCOR |
' requested Nlppon Koe1 to execute a pre11m1nary fea31b111ty study,
and the report on this prellmlnary fe351b111ty study was submitted

'by Nippon Koei to NAPOCOR in April, 1980.

In add1t10n to the ebove, the Government of the Republlc of the
.Phlllpplnes requested the Government of Japan to 1mp1ement a
"fea31b111ty study on the Leyte Power Transm1331on Pro;ect.
:Aecordlngly, 1t was dec1ded that the Japan Internatlonal Coopera-
t1on Agency (JICA) w111 1mp1ement sald fe331b111ty study as
_requeste& by the Government of Japan, and the survey team was

'dlspatched from JICA to the Phlllpplnes.



P;ior to dispatch of the survey:teéﬁ,ia preiiminarj“sufvey was
‘impléﬁeﬁﬁed'byftﬁe Japan'Intefnétioﬁal.Cbopératiéangeﬁcy in._

Deéemﬁer, i980£ and dis@uééibh wés made regérding the'scépe of
study.to Eé ékecuﬁed bf'thé}gufvéy téamuéﬁd other méfters, énd
an impieﬁéﬁting érfangeméﬁt.waé pfovidéd.. ‘

This'impléménting arrangement Was,partiélly-amended in.Octobér,

1981 based on the request from the Government of the Republic of

the Philippines through NAPOCOR.



1.2..Pur§03e and Scope of the Study _
The purpose of this study is to examine technically and economioal—'
1y based the viability of che Leyte Power Transmission Project
depending on the implementing arrangemen; ooncluded.by the Pre-
feasibility study team in accordance with the_"Report on Pre—
feasibillty Study on Leyte Power Transmission Pfojecf".eﬁd "Leyte
Power Transmission Project Preliminary feasibility Study" by

Nipoon'Koei Co., Ltd.
Field surveys were conducted on' the folloWihg activities.

(1) Survey for submarine cablés
Submarine.topography; conditions of bottom surfaces, tidal
current velocity, number of sailing ships and so forth were
investigated at the San ﬁernerdieo_sfrait between Luzon
Isiand and Samar Island, based on which drawings and a report

‘were made. .

(2) Survey of converter station sites
Places for converter stations_were investigated in Jaro area

in Leyte and also in Legaspi and Naga areas in Luzon.

(3) Survey_of elect:odes and eleetrode lines
Survey of proposed sitee.of grounding electrodes and of
eleefrode line routes for connection of eleétrodes eites with
converter stations was carried out by vehicles,.ooats and

helicopters.



(4)

(6)

Survey of transmission line routes
The route of transmission lines from Tongovan to Naga was

surveyed by using helicopters and motor vehicles.

Survey of location of radio repeating stations

'Places which were mainly selected on the map were roughly

surveyed by using helicopters and motor vehicles.

Collection of various materials

Materials and data for assumption of demand, existing facil-
ities and equipment, expansion programs and design were

collected in as much volume as possible.

Materials and data related to number of ships cfossing the

straight, possibility of anchoring, situations of fishing
and so forth in the San Bernardino Strait were obtained
thfough inquiries with concerned offices agencies for the

submarine cables to be laied,



1.3 TFormation of SurveyfTeam,

(1)

(2)

Composltlon of 301nt venture

Suff1c1ent and effectlve surveys and 1nvest1gat10ns should

-be carrled out within a limited perlod_of time for implemen~—

tation}of_the feaéibility stddy, Therefore, it was decided
that this,fEasiBility study be-jointly'iﬁplemented by Nippon
Koei Co., Ltd. which submitted pleliminary Feastblllty Report

on Lhe Leyte Power Transmlss1on ?rOJeLt, in Apr11 1980 to

‘the NAPOCOR and by Electrlc Power Development Co., Ltd. who

has. the 1argest experlence in Japan on DC pover

transmission teehnology. A study on the_demand_and suﬁply'
of.eleetrie poﬁe: and-eufveys for laying of-submariee cables
were-essigned Fé Nippbe-Koei Co., Ltd. and other fields
mainly including DC poﬁer;trénsmission.technoiogy-were

assigned.to Electric Power Development Co., Ltd.

Formation of survey team

The study  team was cemposed of the following members from

_Electfic_PoWer Development Co., Ltd., Nippon Koei Co., Ltd.

and Japan - Internat10na1 Cooperatlon Agency ‘The duties
assigned to members and thelr participation in sludles are
as follows. (@) @O represent first study visit, second

study visit and third etudy;respectively.)



Hitoshi Kitazawa (Team
. Leader)

Kazuo Kamikawaji
Mitsuru Sakai

Yoshikazu Inoue

Tadao Iso

Minoru Sato

Akira Tanaka

" Kimihiko Yanagisawa
Yuzo Y_ama_guchi .
Yoshito Watanabe
Teruo Omura

Keiji Shimo

Katsuhiko'Ozawa

Electric Power Deveiop~

Nippoﬁ Koei
Co,, Ltd.

Japan Inter-

it

national

Cooperation

Agency

" ment Co., Ltd.

. General Affalrs @ @ @
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1.4 Time Schedule qf Field-Surﬁey 
_It.was séheduiéd to impleﬁenﬁ the field éﬁrvéy twa'times, that
is, to makée total sﬁrvey at the firét_time and.supplemenﬁary
study fdr_cqnfirméfion at ‘the sépbnd time. However, it was
decided to chahge the location of the converter station in Luzon
“from Legaspi to Naga in accordance with a request by NAPOCOR
Accordlngly, the third study was made mainly for the survey

. of Naga converter station as an additional survey.

First sutvéy‘}:‘March 2, 1981.thr0ugh March 31;.1981; 30 days
Secéﬁd surﬁey:_ 10 members including'team leader
Third survey : July 5, 1981 through July 25, 1981; 21 days
| |  3 members 1nclud1ng team leader
.Ogtober 7, 1981 through,Octoberr2l, 1981;'15 déys.

4 members ‘Including team leader

" These studiés were implemented in good'order under full coopera~
tion of NAPOCOR. Prior to return of the survey team to Japan,
the results of the field7inVéétigation were reported, and minutes

of meeting were submitted to NAPOCOR.



1.5 Fundaméntal.Considerations in Preparatioh of Report
In agcofdange @ith the matters determined upon agregment between
' NAPOCOR and the'suryey-team based on varilous maférialé and data
collected through field survey and with réfetence_méde_to existing
materiaié.aﬁd'dgta, the following fundamental_consiaerationé ﬁere
established  for examiﬁing the. technical and econqmic viability fof ‘
the construétion'df the Leyte power transmissioﬁ facilitieé.aﬁd for
prepargtion of:report. These were cénfirmed witﬁ-mutual arrange-

ments made between NAPOCOR and the Survey team.

1.5.1 Power Demand Forecast
The power demand forecast was made in this study for the peribd

of 1981-2000 for both thé Luzon powei grid and the Leyte-Samar

sub-grid,

For the Luzon power grid, the demand was ﬁrojected based on the
historical trend of power consumption thfough applying the
estimated GDP elasticity of power consumption. Affe; obtaining
Fhe projected demand, it was examined by comparing ﬁith the

demand projection prepared by NPC,

For the Leyte-Samar sub—éri&,‘sincé the'rapid developmént of
industrialization.is plaﬁned andrbeing-implemented partly, the
power demand pfojection'wés.not made base¢ on the historical
trend, but made mainly b;sed on the-industrializatidn-plan and
on the_Government's regional development plan for ﬁhe Leyte~-

_Samar'region.



1.5.2 .Sté‘ble‘ -Operat'ion' and Analysils .o’f AC~DC Interconnection System
.The'Aé'ﬁoﬁer éy$tem constitutes'pdwef géneration plants, trans-
mission_iine and loéd;. This meané:that'the ﬁower system has
suéh“iﬁertia'éharhcteristics since the rotary machines are
cénnected thrbugh.power'transmission lines énd distribution.
Transmitting capécity_for the -power system of this pattetn_ééh

' be determined primarily from the phase angle betweeén the systems.

On the other hand, the DC system has no such inertia character-
istics as'the rotary machines but has 1its own characteristic
which is the ability’to:control transmitted power quickly and

artificially.

Theréfore, in the;efént thét the two systems of.such different
electrical éharacteristic as mentioned abbve will be intercon-
nected, well~coordinatéd;operétioﬁ.betweén the two systems will
be required. In drafting the weil—coordinated interconﬁecting
'-pian,_consideration of:stable opefatioﬁ must be fully assured

beforehand.

Becaﬁse of this fequiremeﬂt, simﬁiatiﬁﬁ test ﬁill-ﬁé execﬁted;
.by use of ‘the model éircuits'simulating both AC and DC circuits
2 t§ tﬁe_pdsSible-realistic extent;: 1hese model circuits will be
processed as input into the computer or the analog simulator
in order ‘to make surerthat the-planned AC-DC interconnectibn
system can be operated with stability against any crucial -
_conditions of failure which would probably oceur on’ the actual

Sys tem.,
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1.5.3 Preliminary Design and Construction Cost
This power transmission prqject invélves léng distance.bulk'.
power trénsmission of as long as about 455 km from Tongonan
Geothermal Power Plants to Naga Substation includiqg:submarine
cables of aﬁout 23 km'for.transmissioﬁ.bf ;s-much as 900 MW in

the final stage.

Because of-tﬁe fact that the power transmitted through ﬁhe
facilitiés to be constructed in acéordance.ﬁith power transimis-
sion prpject will.have é considefablé share. in the total
electric énérgy to be consumed'oﬁ the Luzon Island, it is
‘necessary to.pay sufficient consideration to the reliability of
supply for executing preliminary design of this transmission

project.

Besides conventional AC power transmission, DC power fransmisw
sion: (HVDC), which is a néw technology, should also be considered
as the object of examination for satisfying the requirements

given to this project stated earlier.

A combérétiQe examination will'be made Between'AC.ﬁowgr trans-
mission and.DC power transmission froﬁ techﬁical and economiéal
aspecté fof Qelectiﬁg optiﬁqm powef fransmission system for this
project,. Tﬁen; preliminary design wili.be méde for overhead

transmission lines, submarine cables, converter stations

.



1.5.4

(substations)_and telecommunication facility for the selected
system, and:construction cost will be calculated based on this

preliminary désign.

. Détéiiéd désigp will'havé.to be made after cOmbletioﬁ of the

feasibility étudy.' Névertheleés,_it is required that'gélculation.

of constructlion cost to be estimated in'the_feésibi%ity study -

"(F/8) should be of as high accuracy as possible because it

exérts'maj6r inf1uence_over the fund program and economic
evaluation of_the_pfoject. Consequently,_éfforts will have to
be made during the“feésibiiity study stage to make technical

calculation and té'prepare drawingé to as_high accuracy . as

'pbssible to be used as basis for the calculation of construction

- costs.

Construction Schedules

"It is desired that construction of the Tongonan Geothermal Power

?lantgshould be_completéd as eéfly-as poséible~iu view of urgent
need to:minimiZe depehdénce on oil cénSu@ption and to ﬁaximize
utilization of the alternatiye_iﬁdigeﬁous.énergy resources.

In éfdéf'to_éarry.bﬁtﬁconétructiénfpf;transmissioﬂ iine and

substation facilities consistent with economic'advéntagé, the time

'length of reasonable Iimit should be allowed for in the total

construction. schedule.



In réferéncé ;0 thélLeytg power transmissidn~project,NAPOCOR
-Sets u§ ﬁhe tafgét 1n'1986 for-initiél start-up of Units No. 4
" through No..ll'df,Tongonan Gepthe?mal'Power Plant. It follows

then,'ﬁhat tﬁe lead time until coﬁmencement;of opexation will-
6nly be 45_months inclﬁdihg time. for detailed desién, tender
“and contract and construction wofk.all togetheff How to carry

out survey, design, manufé@ture; construction apd.ﬁest in a:

- rationalized and economical way ié certainly é matter of vital

lmportance to the whole project.

Moreover, considerable length of time for survey is required on
submarine cable and transmission line routes and radio repeating
station sites, etc. In particular, survey for the straits

crossing section should be given as sufficient time as avallable.

All those conditions taken into account, the best suitable time
schedule will be arranged to ensure achievement of the objective

aimed at by this ?roject.



Economic_Evalﬁationf

Economic evaluation on:this Pfoject'will bg'médé by:comparatiVe
study between_the'estim;ted costs for the alternatiﬁé trans—
mission system=construétion and-fdr thé'ffénsmiSsion*cbnStruc-
tibn'propOSed under the Project. In this inétéhce, the éltEr—
native plan to be consideréd:would be to construct the AC high
voltage-transmiséi&n 1iﬁe.with'sufficient capability to transmit,
both_technicaliy and economically, power generated at Tongonan
Geothermal Power Piant'to:San-JoSg-Substaﬁidn near Metro Manila

as the large consuming center in Luzon.

' Meanwhile, NAPOCOR is now proceeding with its conmstruction plan

of the AC 500 kV tr&nsmisSion line from San Jose Substation to
Naga Substation situated in the southern Luzon. - Accbrdingly,

the scope of economic evaluation under this Project will cover

‘basically the section between Naga Substatioh and Tongonan

Switchyard within the area of Tangonan geothermal power sources.
The alternative system for comparative study would be AC 500 kV

and AC 230 kV transmission lines for the corresponding section.

In as much as the transmission line under this Prbject'will be

constructed as the exclusive transmission line connected with

‘Tongonan geothermal power sources, unlike the usual pattern of

the line in and between the power system, it has no such ad-

:ditibnal'advantages as :improvement of service reliability,
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1.5.6

reduction of reserve capacity and coordinated operation over

"wide area. Therefore, those economic factors will not be taken

into account in the process of economic evaluation.

Fund Arrangement and Financial Analysis
The financing_ﬁlan will refer to the annual . fund reqhirements of

construction costs and the terms and conditions of financing

arrangements for implementation of the Project.

By nature of the Project, it is difficﬁlt to eVﬁluéte only this
Project alone for financial analysis. 'Therefére, the two pro-—
posed projects inciuding the Tbﬁgonan'gedthermal power develop-
ment plan will be taken up for this purposé to evaluéte-finance
from both revenue from tariffs and expenditure to compensate

costs.,

Incidentally, NAPOCOR makes it the basic principle of its power
development program to reduce to the minimum the operation of
existing oil fired power planté by replacing them with geothermal

power generationf In this case, the depreciation expense for

“the eoil fired power plaht,sﬁould be compensated by the benefits

from' the geothermal power development. This balance will be

taken up for evaluation.
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CHAPTER 2  CONCLUSION AND RECOMMENDA?ION
- The follbwing are the conclusions and recommendations on the resulté of

the Levte Power Transmission Project.
2.1 Conclusion

(1) The ultima;e capacity of transmission is planned at 900 MW
In view of the géothermal power development'ﬁlan and

the surpius power availablé-iﬁ Leyte, total trénsmissible
power to Metro'Mahilé is estimated at AOOIMW in 19?6, 600 ﬁw o
in 1991,.890 MW in 1992 and 900 MW in 1993{ Required capacity
of.transmissibn facilities will then be 450 ﬂW in 1986.and |
900 MW in 1991, | |
Accor&ing to the;power'development progrgﬁ on the Luzon grid
planned by NAPOCOR (Table 2-1), it is proposed that the
developmgnt.in.the Togbnan area of.Leyte Island (where the
pilot biant éf 3 MW is now in operation) aims at operatioh'of
37.5 MW x 3 units by 1983 to meet the regiomal &emand in the.
Leyte—Samar area, followed by the subsequeﬁt stégé of.develop—
ment for 55 MH’% 8 units towards the end of thé vear 1985.
Since ﬁhe power to be_génerated from the latter eight (8)
units will be tﬁansmitted_to_Metro Manila, fhe total trans- '
miséion tapacity requlred to meet such'requirement 13 estimated

to exceed 400 MW by early 1986,









Yable 2-1  Luzon Grid Generation 'Expan!;ion lProgram?On-Gbing,' Firm and Probable Projects

Installed Capacity (MW) Avail— Energy Capability and Requirement (GWn).
Year of Plant Addition : _ Dep. Peak | Res, . able ‘System Capabi | Gene- :Sur—'
Comm. - Hydro] Geo. oal 1y, | 9L | popar | Cap. [Demand] Cap. e Energy . ye i }-lty. —— —{ration{ plus
Ther. Ther. ' (Gwh—) Hydro ‘Geo. Coal Nuc 0il Total | Level | (Dep.)
: _ . B S o i L Ther. “" | Ther. - S .
71980 | Existing . . 542 - 440 2,230 3,2121 7,880 2,070 4701 23 (19,007 2,050 2,283 : 13,871 118,204[13,113] 5,091 |
1981 Masiway (1 x 12) 554 | 440 12,105 3,099} 2,816] 2,240 235] 11 481 2,098] 3,176 13,297:18,571[13,750] 4,821
198277 | Tiwi Geo 5-6 (110) 8547 550 1,925} 3,329[ 3,066 2,400 3251 14 | 794 2,248 3,672 13,510419,430115,080} 4,350
1982/5 | Kalayaan 1 (150) ' - I R 7150 1 ' S
1982/8 Kalavaan 72 (150} | . _ ! 150 R - L . g
1983/9 | Magat 1-4 (350) 1,214 605 1,925 3,744 3,3871 2,565 :482: 19 | 1,103} 3,0421 4,036 13,510120,588:116,140] 4,448
1983711 | Mak-Ban Geo 5 (55) . T - : . 'f" Po397 ] i i R S .
1984/2 | Mak-Ban ‘Geo 6 (55) 1,214] 660 300 1,9251 4,099 3,707!.2,7451 622 23 | 397 3,50L1 4, 7311 830 13,510:22,572,17,240} 5,332
1984/8 | Coal Ther. 1 (300) T ) | T NI E T L P
1985 PNPP 1 (620} 1,2%4| 770: 3001620 .1,925: 4,829, 4,157+ 2,9401,067] 36 | 3,910 3,501} 5,558 i1,989:1,684|13,510:26,242|18,420| 7,822
. Tiwi Geo 7-8 (L10) ° , - N 1 i P 794 . - i C L
1986 Coal Ther. II-(300) 1,21411,265| 6001620 ,1,925] 5,624 4,927 3,145|1,382] 44 | 1,989 | 3,501 9,131 (3,97813,367(13,510:33,487119,680 13,807
L Tongonan 4-11 .(440) ! ' B T . 3,176 i '
| Daklan 1 (55) : o R T T ’ : 397 | T I R I ER R
1987 Manito Geo 1-2 (110) | 1,214]1,375] 600,620 :1,925]| 5,734 5,127; 3,365|1,262| 38 i 794 3,501, '9,925:3,978,3,639|13,5L0134,553121,030(13,323
1988 Tiwi Geo 9-10 (110) ~ | 1,214]1,540] 600|620 1,925] 5,899 5,327) 3,600[1,1771 33 794 3,501{11,11613,97813,356[13,510135,961:22,475!13,486
Daklan 2 {(55) L : T ST 307 L P
1989 San Rogue (390) 1,604|1,650| 600620 11,925 6,399] 5,755: 3,850:1,315] 34 : 1,153} 4,654111,91073,978}3,910}13,510:37,962:24,020113,942
Tiwi Geo 11-12 (110) I : - L R REE P - 794 .| B i ; .
1990 | Manito 3 & 4 (110). - 3 1,604(1,870] 6001620 11,925 6,619, 5,955 4,12011,245_ .30 794 4,654113,49813,978(3,910113,510:39,550125,675[13,875
_ Mak-Ban 7 & 8 (L10) ' _ o1 L. : A i S R 794 4 I I . .
1991 Tongonan 12~15 (220) 1,64712,090| " 600620 1,925 6,882 6,177 4,39011,175. 27 . 1,588 4,853:15,086,3,97813,910113,510:41,337127,320]14,017
. Bonga (43) o t i T o 199 . I _ R |
1992 Tongonan 16-19 (220) . | 1,646 (2,3101 600|620 11,925 7,101 6,3771 4,67011,117+ 24 1,5881 4,853171%6,674:3,97813,910(13,510.42,925/29,070]/13,855
1993 Mak-Ban_9-10 (110) | 1,75612,530| 600620 {1,925 7,431, 6,654; 4,97571,089: 22 .- 794: 5,373(18,262|3,97813,910{13,510:45,033,30,930|14,103
: Tongonan 20-21° (110) - . ' . ' o o 794, f _ - : P }

e .Tabu (110) - IR R : : i . S G 5200 . - i - -
1994 Magat 5-6 (180) _2,25112,5301 900.620 {1,925, 8,226 7,419| 5,300[1,529| 29 1 ~ | 6,330119,262}5,96713,910{13,510147,979132,915]15,064
‘Diduyon: (345) S . . { {957 T i o B '

- Luzon Coal IIT (300} i A - . _ _ . Coy 1,989t - T T _ - ' :
1995 Abra LII-B (300) ,55112,530| 9001620 |1,925:°8,526| 7,516 5,645(1,281| 23 |  825| 7,155|18,262|5,967(3,910{13,510{48,804]35,030]13,774
1996 Gened: (600) 3,71112,5304 9001620 11,925] 9,686| 8,434 5,985|1,859| 31 | 1,153 9,642]18,262]5,96713,910|13,510151,291,37,105 L4, 186
Abra I1 (200) O 530 . 3 - . R
. [ Chico IV (360) g e R : 804 - - N R , :
" 1997 | Chico II (250) 3,96112,640] 9001620 11,925}10,046| 8,731] 6,340(1,801| 28 | 1,050]10,692(19,056|5,9673,910|13,510153,135{39,310]13,825
' Batangas Geo 1-2 (110) R i - ' T 794 NN EE B _ T
1998 Luzon Coal IV (300) | 3,961/2,750/1,200[620 |1,925]}10,456] 9,101] 6,725]1,786| 26 | 1,989 [10,692|19,850]7,9563,910|13,510]55,918|41,645|14,273
-t Zamcales Geo 1-2 (110) - S I R ) R ; _ 7940 0 0 i o S
1999 . | Cagayau Geo 1-2 (110) | 4,641|2,860{1,200|620 ]1,925[11,246] 9,731} 7,125|2,016| 28 794 112,262120,644{7,956[3,910{13,510(58,262 [44,120[14,142
© - I Agos Kanan .(280) - e : L - . S 875 . : A
. Agbulu (400) 1 4 e R 675 ; ; :
2000 (300) | 4,641]2,860{1,500[620 |1,925]11,546]10,001| 7,555 25 |71,989]12,242120,64419,945(3,910]|13,510(60,251|46,740[13,511
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(2)

.Thezultimate size of the development projéct in the Leytae

area will terminate, according to the NAPOCOR's plau, with
complétion of'Unit No. 21, which will amount to 990 MW in

total installed capéﬁity covefiﬁg.Units No, 4 up to 21.

Considering station service power requirement, the net depend-

able power will be 900 MW, which will be transmitted to

‘Luzon as sﬁrplus power'in_the Leyte—-Samar area. As far as

~ additional installation of converter stations is COncernéd;

the ﬁlan is to double the_capadity from_hSO MW at the first

stage to 900 MW at the second Stagé, this scheme being the

most economical.

'HVDC transmission is most economical

On the basis of ultimate 900 MW total capacity, coﬁr
parative'study has been made (as shown.in'TablerZ—Z) between
AC 500 kV,“AC 250-kV and bC +350 kV syétems as the means of
powér transmission over a distance of 455 km from:Tongonan
Switchyard to Naga Converter Station. Totﬁi coﬁstruction
costs for both first and second'stages considering séhedu;e

and cost for stepping-up of voltage to 500 kV amount to the

. sums as indicated in the following Table at_the 1986 price

level.

a1









TABLE 2-2 AC DC ECONOMICAL COMPARISON

(DIRECT COST)

— ' ' - B Ton| ClonsisT
- PLAN 1ST STAGE (1986) 2ND STAGE (1991) -ruction
- | 1 B L Cost /1
Sondose .Koluycqn | Naga Tongonan MW SanJose Kaloyoon Noga e '
: . kv 440 : 500 aa0%¥
a1 O) — e h@) -
. 230"5 % . '3_ Leg_osp‘l . 230kY —} Leqospi. Tohgbnon US 3
' o ; Manito .
AC 500KV | - - z20H" o8 552
I : - iwi S Y Tiwi 220MV 8
' \_/Muksun @ 1‘;1:6MW :>Muk-80n7*"' I'SGWOMW X 10 '
ConsTruc’non Cost US § 419x1C® Construction 'CosT US $:133x10™
- Tongonan~Naga 5005V T/L 1/ 2cct (nncludnng submarine ocble) oTongonaancgo 5OOKVT/L- ‘/20(37”(1'”0‘11@'”9 submarine cable)
» SandJose, Kalayaan, Naga, 230K 500K step. up cost. « Tongonan I38 /L. 200’r 8ok :
SanJose Ku!.ayuc:onk Noga - 230k Togonan SanJose  Koloyaon “E 23017 g a40M%
v . .
% 200 . _;_ ' ) lﬂ——b T 440MW N 5007 % et @ Toenganon
' ] I R
: 10 . b ke .
230“ _3— L spi”"_l 2304V % ' Legosp! F I“*—ﬁ':l%—@ 220" US 3
ega Manit .
AC 230KV - — —H RHOL S 410
- — ' T : — S 6
:'>Mok-Bon —‘ 2’20““’ ‘ :>Mok -Ban *j@ ngoh‘w X 1 O
_ . . A
Construction Cost US$ 307x10° ConSTrucﬂon CosT US ﬁ 103x10°
oTongononrvNego 230 VI/1 2cctx2route lincluding submarine cable) Tongonon~Nago 23Ok‘_‘r T/ ch’r (mcludmg submarine cc;ble) -
SanJose, Kolcyacnn Noga 230 kv 500kv step up cost » Tongonan 230 T/L 2cct 80'“”
‘SanJose Kaloydan k ‘Nogao . | a . Jaro Tongonan | : SonJose : -Korloycon kaoqc . : . Jaro
_230kY DCEITSHY L . 44QM¥ : 5001 % DCE350 ; 4 n
. . 23'0.'.“v | Lfgasp_i . | ‘ﬁ,dkv _} ' ' Leqospl ‘ . us &
o : . ' ' " . - Manite 1 |
HVDC T b ‘ : : ﬂ*ﬂ@ 220M% 220M¥ A20
R o : Loy ~8
: ' g ' Ti ‘—:> N Tiwi b
| + 350k\/ -:>MGK -Baoh % ;;:(‘)MW Mok-Ban % 4:0""’ : 10 :
ConsTruUnon Cost US$ 213x10° | Cons‘rruc’non Cost US$ 107x1o
kv
- Jaro~Naga HVDC + 1757 bipolar system (including submorme cuble) > JarowNago HVkDC System DC Vol’rcge E: t?5“++ 350
- Tongonan  Jaro |38k T/U 2cct 26km . Tongoncn 1387 T/L 2cct 80 N
- SanJose, Kolayyaon Naga 230#500 “sTep up cost.

NoTeL Pruce in year I986 Dtscoun‘f ro’re IO°/ﬁec1r NO Price escolohon
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AC 500 KV Us$ 552 x 10° | - 100%
AC 230 kv US$ 410 x 10%° 74.3%

DC #350 KV | . .US$ 320 x 10° .58.0%

In the evaluation over 30.years ahead in the future (Chapter
9), the ratio of-total-costsé eﬁen considering traﬁsmissipn
loss -and operétion and maintenance expenses for the corre-
spondlng perlod for the AC 230 kv system as agalnst the HVDC
system is computed at 1. 106 From this result of comparlson

it can be concluded that the HVDC system is most advantageous.

(3) Optimum design for HVDC_is of bipeler compesition‘with series
addition | | |
| The HVDC system is de51gned for blpolarlcomp031t1on (es
shown in Table 2~ 3) S0 as to ensure continuous operatlon at
half its rated cspacity through the earth return . c1rcuit, in
case of any fault On one pole of the DC circuit, con31dering_
to the progect scale and time schedule for completion of
450 MW by . 1986 at the flrst stage and 900 MW by 1991 at the
_ second stage and the important role which the Leyte trans- :
_mission progect w1ll play.in the whole Luzon grid. As to |
the method of expan51on for- doubllng of the capac1ty, there .
" are two alternatives, doubling the voltage ratlng with
addltlonal installatlon of the thyrister valve in series and

doubllng the current rating with parallel addition.
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)

After comparison by economic merit or demerit and easiness
or hardness of expansion work, the method of series addition

has been-adopted.

_Outliné.of Leyte'Power_Tfahsmiésion_Projéct:_u

: Thé‘pfojépt aimiﬁg'ultimétély at traﬁémission.ééﬁaéi—
ty éf:QOO'MW ié,'as'shown:in Table 2f4;_Figs.-2;1 aﬁd 242,
to_éonéﬁruct.and:ééeraﬁe.the HVﬁC_transﬁiséionlline'of abéut
430 km in_lengtﬁ (1nc1udlng submarlne cable of 23 km length)
af the r;ti§g of £350 kv, 1, 290 A, at each’ end of whlch the

AC-DC goﬁVerter station of 900 MW capac1ty will-be installed

‘with microwave communication system to connect both ends.

Selection of voltage'rating and conductor size
In view of the fact that both voltage rating and con-

ductor size are the influencial factors to the economy of the

whole‘power transmissibn‘project, a careful comparative'

study selectlon has been made to use voltage and conductor
size whlch w111 make ‘it posslble to minimize overall exﬁenseé
1nc1ud1ng power loss and annual constructloﬁ cost (Flg. 2- 3)
Flnally, voltage ratlng has been determined at 350 kV with

ACSR 810 m? each of two (2) conductors.
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. Table'?—é. Qutline offFaéiliﬁiés for the Project

i) Converter station

: Location_-'

Rated voltage
and capacity

ii) Transmiésion line

-~ AC .transmission line -

Length
.;Conductdr

- DC transmission line

Length-
Conductor
o :'Sﬁbma:ine cable
‘1i1) Electrode
Location

Electrode line

iv) Télecommunication -

:.Jatd in Leyte and Naga in Luzon

First stage: DC +175 kv, 450 MW

Final stage: DC %350 kv, 900 MW

- Tongonan S$/Y - Jaro C/S, 138 kV, 2 cct’

26 km

ACSR 610 mm? x 2

Jaro C/S - Naga C/S DC %350 kV,
bipolar :

429 km (incl. 23 km of submarine cable)

ACSR 810 mm? x 2, AACSR 520 mm? x 2

for only crossing on the strait

 OF, 1,000 mn?, 2 cables

. Managasnas (Carigara bay)

Pasacao (Ragay bay) "

Jaro /S - Managasnas electrode: 28 km

Naga C/S - Pasacao electrode : 32 km
AGSR 410 mmzvx 2 - .

Micro wave radio. link between Tongonan
S/Y - Naga c/s
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Fig. 2~1- LENGTH OF TRANSMISSJON L.INE AND ELECTRODE LINE -
' ' (PREL!MWARY)
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MASBATE -



‘Fig.2-2 MAIN  CIRCUIT DIAGRAM (PRELIMINARY)
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~ Fig. '_2—'3 Comparison of Expenses on Voliages and Conductors
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(65 Selection of sﬁbmarine céﬁie
The submarlne cable for crossing the San Bernatrdino

Stralt w111 be installed on the 23 km route selected from the
result of latest survey, starting from the coast of Santa
Magdalena in Luzon and, by way of the straits with maximum
depth 6f.160'm, ending'at Lipata in Samar. Cablé
terminals w111 be constructed at both v111ages (Flg 2~ 4)
The OF cable w111 be used for thlS purpose hecause of its
excellencg-ln technical reliability. Althqugh‘thé sea bottom
geology still reméiﬁs.unknown.in its ﬁétéils, the cabie size

has been selected at 1000 mm?

for rated current of 1;290 A
as estimated'fro@ the thermal condgctivity of seabed soil
(Pig. 2-5). |

Qith regard to the oil suppiy system, fhe statiﬁnary type

will be ﬁsed.in view of the planned scale of submarine cable

and for the sake of simplified maintenance.

(7) Thyristor valve
The thyristor valve as tﬁe_main componenf éf tﬁe AC-DC
converter is designed sb as to withstand againét high voltage
by.series”coﬁngctidn-of thyfiSﬁor as semiconductor element
to a reqﬁired quantity. “This Pfdjept makés use bf_the
thyristof.valve; which will be &esignéd at 175 kV/arm 1,290 A
of air insﬁlation and éodling,'ZnarmS laminated type with forced

a1r/water coollng system (Fig. 2 -6},
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Fig.2-5 Cross Section of Submarine Cable
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(8) App11catlon of mlcrowave communlcatlon 11ne..

| - The DC transm1331on system reqylres hlghwspeed slgnal
Lransmlss1on, for control and protectlon of the system, ;_
between both ends._ In this ease, “the requlred 1evel of reliability
tor the communlcatlon lrne should be hlgher then.HVDC sfstem.
To satlsty those requ1rements and to prov:de for poss1ble '
future expans1on, Lhe prellmlnary de31gn 1ne1udes use of the
7 GHz mlcrowave system for communlcatlon with espec1al con-
sideratlon glven to topographic and cllmatlc conditlons all the
way along ‘the proposed route. The experlence on 7 GHz radio
communicatlon system has shown that. its Operation is relatlvely

economlcal and very effic1ent.

s(é) System aualysis
| Study has been made as to power flow and voltage at
:normal operatlon of - the Leyte HVDC prOJECt and stab111ty
of the transm1551on 11ne at ground fault. |
_lThe result of study assures that because of power transm1331on'
by HVDC system would essentially present no stability
:problem in the synchronous operatlon between Leyte and Luzon.-
However, 31nce the power to be transmltted from Leyte will
.have to be transmltted over about 300 km-up to San Jose after
: m1x1ng the powar from T1w1 and Manlto at Naga, the traqsmlss1—
'ble power through the HVDC system w111 be determlned by |
-:stablllty of the powersystemsof T1w1 and Manlto 1n the

southern Luzon.
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l(10)

The analized result in this respect predicts that by taking
neeeséary“meaSures o improve stability at Tiwi and Manito,
power can be transmitted” Lhrough the HVDC system at 400 MW

in 1986 600 MW in 1991 and 900 MW in 1993

Consttruction cost and time SChedule-

The totalrconstruction costs are estimated as'tabulated

-below at 1981 -price level on the follow1ng target for com-

pletlon

- 1st stage constructlon to .be completed by end of 1985 at

total capac1ty of 450 MW
- 2nd stage constructlon, to be:completed by end of 1990 at

ultimate capacity of 900 Mw

(Unit‘:xlﬁs US$)

Foreign Currency | Local Currenty - Total

lst'stégez-d - l85;355 - 0 67,502 o 252,867
2ndstage | - 86,923 | 21,795 108,718
Total . |~ 272,288 Sl ee,207 361,585

On the ba31s of scheduled completlon by end of 1985, the

’ f1rst-stage work allows a total time length of 45 months to

complete from detailed de31gn, tender document preparation,.

'tenderlng, b1d evaluatlon, contract negotlatlon and award,
'_fabrlcatlon de51gn manufacturlng, erectlon, constructlon and

:testlng untll scheduled 1n1t1a1 operatlon in January 1981






Fig. 2-7

Schedule .Leyte Power Transmission Project '(First -Stage)
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~ Building Works R
. " Bidding: & Award of Contract

Designing’
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Electrical BEquipment
‘Bidding ‘& Award of Contract

Disigning

‘Manufacturing

- Delivery

Installation, Testing

Telecommunication Equipment
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~Designing: -

- Manufacturing

Ingtallation, Testing -~

‘Test and Trial Operation

" Commissioning .

Ir_iéluding electrodes -
and electrode lines

Suitable time |
for cable laying
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Fig. 2-8  Schedule Leyte Power Transmission Project (Second Stage)
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:'(Il) Ecoﬁémic evaluétion‘and financial-anélyéis

The folldwing:iqnthe result of coét compafiSOn, between".

ﬁVDC construcﬁion plan. and AC'230'RV plan as its alternative,

on the basis of the 10—pércent'discbun£ed cash flow projected
over 30 years including constructi;n-cost, operating and

maintenance expenses and power loss.

AC 230 KV cost

B/C = HYDC cost

= 1.106

ACcéfding to NAPOCOR's plan, the"electricify fafiff w0uld_be
ipc:eaéed:gt.an annual rate of 8.6 perdénﬁ up to 1987 and the
financial internal rate of return is 6.6 peréeﬁt from both
power sales revenues for conseéutive 30 yéafs at San Jose
Substﬁtidn to be earned frOm p&wér“geﬁetatibﬁ ét fongonan

“and expenditures covéring power generation and transmission

costs and allocated cost between Naga and San José._

72;2"Recommendation

" The followings are the recommend actions based on the 'Conclusion'

stated in the.foregoing Section 2.1.

(1) 'Detailed desigﬁ

In order to achieve the completion of construction at



the_first séage by end of 1985, detailed designh ‘and prepara-
tion of tender &ocuments indluding.téchﬁié&1 specifica§ions
mﬁst be completed at the least'bﬁ the end of 1982, so that
bidders cah be'ihvited.to the tender of the Prqject at the
beginniné.of 1983, To ﬁeet such time.requiremeht, it is
recbﬁmended that detailed de#ign should proceed as earlﬁ as

possible within the ygar 1982,

(2) Fiﬁan;ipg arrangémenﬁs for comstruction fund
For finan@ing arrangements for ngcéssary construction
fund of the Project vigprous effor; should be made to secﬁre
the finanging source for implementation of the Project by

early ﬁegotiation with the concerned agencies.

(3) Future site Survey
It ‘is recommended that effort shouid be made by NAPOCOR
to condugt”the folldwing surveys at the earligét possible
oppoféunity:
i) Propésed route fdr-suﬁmarine cable
Because thg'time in fhis Pfojéct is ré}afively limited,
it wduldlsé diffic&lt.f6 ekpgct anyrdetailed survey by
.the cable_insféllatioh.contractor.. Therefore, survey
must be ﬂade to tﬁe fullest extent by NAPOGOR pfiof to

the tendering of fhe cable work, wiﬁh.due reference to the
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(53,

survey_reSUit by the survey team in March 1981

(Appendix A-3). .

R
[
S’

‘With regard to the overhead tréns@ission 1iné'aﬁross
San Juanico Straits, promﬁt_action must be taken for
topdgraphic_and geological survef én the proposed site.
hl)-'Survéy for grounding electrodes
Detailed survey must be conducted for séleétion of the
éuifable éite and detailed design for grounding élecﬁrodes
for ﬁdth iard and Naga Converéer Stations.
iv) 'éalt cﬁhtaminétion sﬁrvey
_Sincé salt contamination is of great impb;tance to
the HVDC'system,.it is fecommended thét prombt éction
should be taken to measure salt adhesioﬁ 6ver tﬁe whole .
project area, so that the surve&-résult can-be incorporat-

ed into the detailed design (Appendix A-2).

Acquisition'of land

Prompt sfeps should be: taken to vaﬁire land required

for construction of converter stations, transmission lines
" and microwave radio stations in advance so as to avoid any

possible delay in the work progress.

Microwave éommunication.line
It is essentially of importance to this Project to install

the 7 GHz microwave communication line. Therefore
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(6)

_(7)

NAPOCOR should enter into negotiation, with the authorities
concerned as early as possible to prevent and delay in placing
order forfequipment. Moreover, the'definite'prospect for

availability should be projected as early as possible for

~selection of each location of repeating stations.

Term of equipment'deiivery .

| Equipment should be delivered on a turnkey contract

basis, in view of the fact that most of Lhe ProJect related
equipment 1s of particular design and manufacture and it is
therefore important to secure time for completion as scheduled,

to define the divlsion of respon51bi11ty and to control the

quality.

Spare cable line

Preiiminary“design apeciries laying of two submarine
cables fron the beginning and no spare cable in particular.
Later, however, if the importance of the Leyte transmission
line with its role in the Luzon grid receives enhanced

evaluation and desired higher reliability, it would probably

become possible to have the sPare cable laid additionally.

~If such is the case.in future, an extra increase of cost

should be added to the construction costs estimated herein.
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(8

(9

(10}

Establishment of operation and maintenance service-system
and HVDC training

Needless to:mention,_high and sophisticatéd technology

will be'requiréd for operation'and:maihtenance'of the HVDC

transhission'systémf VTherefore,.;Q.meet.the_tiﬁe-requirement
of scheduled start-up operation by 1986 all operating and
maintenance workforce muét be ful}y ttéined'énd'a cdﬁsiderable
hﬁmﬁer of engineers must get wéil familiar with new technology
involved in fhé HYDC s&étem. “S{hge'tﬁis will, in turn, help
in the iﬁprovéﬁeht'bf”tﬁe préﬁent Egéﬁniéal level, full effort
Sthid bé“éXerted.té'providé sugh.tfaining program for as

manyiﬁeféonnEl as available.

Coordinated operatién with Tbngqnan Geothermal Power Planﬁ
Théloperationﬂof the.HVDC tfansmission sysfem reQuireé

closest coordination ;ith the:operation of_Tongoﬁan Geothérmal

Poﬁer-Piaﬂt. Therefofe, any additipnal units of the geothermal

power plant for future opefation should fully reflect specifié

design for coordinated plant operation to meet this need.

Installation of power system stabilizer

The result of system analysis sugpgests that the power

system stabilizer should be installed at the existing power

plant as well as the néwly constructed plant. It is certain
that this equipment is necessary for establishment of stable

plant operation (Appendix A-5).



(11)' SChédule'er EHﬁ stepping up

| Fr&mrthe system analysis result it is récommended that
tﬁé'EHV traﬁsmissibn'line:bétweén Naga ﬁnd San.Jose should be
stepped up'tb 500 kV ‘in 1990, the year of scheduled completion

of the 2ud stége HVDC construction work.

:(12): Stud&'pn HVDC ;e&erse pperation
. The Leyte transmission 1ine is_planﬁéd at present only
to.sérve.as'thé=power source line to tramsmit power from the
Leyte gépthermél power plants to the Metro Manila. If the
: futqre qircumstaﬁcé.demand_power transmission of.reversed
diréctioﬁ,'study must be‘made at that time including study on

- short-circuit capacity required.
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CHAPTER 3 POWER INDUSTRY OF THE PHILIPPINES

3.1 Market for Power
3.l.i Organization
The power sector in the Philippines is comprehensively adminis- .
tergd'Bf the Hinistry of Energy (MOE). The two majof'Government
agencies whichishare'the responsibilitieé for stable electric
) powér supply are: (i) the National Power Corporation (NAPOCOR) who
is 1afgely'fésponéiblg fof'power generation and transmission
'pnder Ehé.MOE and (i1) the Naﬁional Electrifiéation Administration
(NEA) ‘who 1s respohéible fof'péwer distribution under the |
Ministry of Human Seftlémenty . The Philippiﬁe Atomic Energy
lCommiSsioﬁ and the fhilipﬁiné Nationai 0il quporation (PNOC)

- are. the other two agencies under_tﬁe MOE.

Tﬁe glectric éower'in the Phiiippines is supplied through electric
' utiiitiég such as NAPOCOR, the Ménila:Electrid Company (QECO), other
.privately owned utilities and'92‘electri¢ cbqpefatives._ Of them,
MECO had the latgest generaﬁing.capacity wﬁich'considerably exX~
"éeedéd'that of NAPOCOR..Aiming af promoting efficient dti}ization
an& acceléréted developﬁent'of the power faciiities,NAPOCQR and
MECO hévg negotiated their integration sinée'1975} Finally on
Juiy il, 1978, thej.reached'the'agreemént that MECO woqld éell
its'pQWer pléntéxto NAPOCOR and on November 11.1978; operétions of
thesé=p1ants ﬁith tbtal:installed capacity of 1,150 MW had been

turned over to NAPOCOR.



3.1.2 Sﬁpply and Deoand oflPower .

. ' The iﬁstalled caoecity.in.the wﬁole ?Hiliopines emoonted to
'4;075-Mw in 1979, The NAPOCOR is the major owner occupying 86% of
the total capacity, followed by private utilities (9%) and
c00peretiresz(52)'(Teble 3-1). The'ihstelled capacity is'cbmposed

:oof 56%_thermal.poeer'p1ent; 23Z.ﬁydro poﬁer_plaﬁt, 16% diesel

. power plaﬁt and SZ_geothermellpower plant (Table 3-2). In terms
of_geographical location, overlfour—fifth of_the total system

' capacity provides for Luzon 5 power requirements with the re-
maining one—fifth shared by Visayas and Mindanao (Table 3—3)
Over the past_eight years of 1971 to 19749, system capacity

" increaged at an annual rate of 9.7%.

‘Energy gemeration in the'period.froh 1971 to 1979’grew at the
rate of 7. 5? per annum, Of the 15,033 GWh generation in 1979,
77% was produced by oilufired power plant, 19% by hydroelectric
. power plant and 4% by geothermal power plant (Table '3-4)., In
terms of type of ownership, NAPOCOR supplied 92% of the total energy
-in 1979 followed by other prlvate utilities (6/) and cooperatives
(2/) (Table 3—5) Aecording to the data of MECO energy sales |
for industrial use in 1979 amounted to, 42/ of the total: energy
'isalee, for_eommereial uee 31A and for residential use 25%. The-
industriel andicomoeroial power.uses increased'at an annual rate'
of 7. 2/ in six years from 1973 to 1979 and the residential power

"use at 5.7% - (Table 3 6)
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In 1979, about 35% of.the_total.poﬁulatioh of thé:Philiﬁpines.

was served by electfic utilitiés. Geogféphically;‘about 4§%

- of the total population waé_éefved.by_electric power 1in Luzdn,

18% in Visayas and 177 in Mindanao (Table 3-7). The population
setrved b& electric power increased at the rate of 5.8% pef-gnnum .

in the period from 1972 to 1979.

In 1979} fhe average power rates of NAPOCOR were 22.77.centavo$/EWh
in Luzoh,'30.60'centavds/kWh in Visayas and l3.80-centayos[kwh
in Mindénao_(Table 3-8). In.the period from 1973 to 1979, the
average pbwef rates of NAPOCOR'inéreésed at fhé annual raterof'abouﬁ

26% in Luzon and Visayas and at. about 36/ in Mindanao.



Table 3~1 Installed Cepacity of Electric Utilities
o in the Philippines by Type of Ownership

Unit: My

Ownerships 1967 1971 1972 1977 1978 1979 (%)
MECO - _ . 554 1,104 1,404 1,672 522 - -
NAPOCOR = - 381 578 654 1,006 2,193 3,517  (86)

" Other Private Utilities 145 251 249 326 346 376  ( 9)

‘Municipal Gov't 16 16 - 16 10 - -
Cooi)eratives' : - - . - 49 138 . . 1u82- ( 5)
Potal ' 1,096 1,949 2,323 3,063 3,199 4,075 (100)

- Source: 1979 Statistical Yearbook on the Philippine Electrie Power
- Industry, NAPOCOR Corporate Planﬁing, July 1980
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Table 3-2 Installed Cépacity_pf Electric Utilities .
- in the Philippines by Plant Type

Unit: MW

Plant Type 1967 1971 1972 1977 1978 1979 (%)
Hyaro 400 600 600 749 749 929 (23)
The rira. 1 586 1,136 1,473 1,912 1,912 2,262  (56)
Diesel 110 213 250 399 535 661 (16)
Ge othermal ' - _ - - 3 3 223 (5)
Total 1,096 1,949 2,323 3,063 3,199 4,075  (100)

Source: _1979 Statistical Yearbook on the Philippine Electric Power
Industry, NAPOCOR Corporate Planning, July 1980
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Table

3-3 lnstalled Capa01ty of Electrlc Utllltles

in the Phllipplnes by Geographical Location

_ Unit: F
- . 1972
Region Hydro Thermal Dinsel Geothermal Total
R ; o ' (M)
© Luzon 22 74 4 1,975
Visayas 4 9 87 113
Mindanao 66 0 34 235
Philippines 26 63 11 2,323
‘ 1977 . -
Region Bvdro Thermal - Diesel Geothermal Total
) ()
" Luzon 22 76 2 2,490 (81)
Visayas ‘1 4 95 223 ( 7)
. Mindanao 59 - 6 35 350 (12)
Philippines 24 62 13 3,063(100)

. Source: 1979 Statlstlcal Yearbook on the Philippine Electrlc Power

Industry, NAPOCOR Corporate Planning, July 1980



Table 3-4 Energy Generatlon of Electrlc Utllltles
‘in the Phlllpplnes by Power Source o

Unit: GWh

Pover Source 1971 1972 1977 - 1978 1979 (#)
Hydro 2,550 _2,'54'2"' 2,278 2,796 - 2,869  (19)

. 0il-Pired 5,885 6,109 10,156 10,887 11,507  (77)
'Geothermal - . .—_ _ -3 657  ( 4)
Total 8,435 8,651 12,434 13,686 15,033 ~ (100)

Source: 1979 Statlstlcal Yearbook on the Phlllpplne Electric Power
' Industry, NA?OCOR Corporate Planning, July 1980
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Table 3-5 Energy theié{idn of Electric Utilities
in the Philippines by Type of Ownership

Unit: GWh
Ownership 1971 1972 1977 1978 1979 (%)
NAPOCOR. . _ 2,420 2,665 3,397 4,172 13,892 (92)
MECO - 5,289 5,281 8,047 8,324 = (=)
Other Private Utilities 726 705 815 823 830 (6)
Cooperatives - . . 175.' 3617 311 ( 2)
Total . . 8,435 8,651 12,434 13,686 15,033 (100)

Source: 1979 Statlstlcal Yearbook on the Phlllpplne Electrlc Power
Industry, NAPOCOR Corporate Pldnning, July 1980
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Table 3-6 MECO :
Energy Sales by Customers

6,337

Unitfi GWh

| _ L - Growth

 Customers 1973 (%) 1974 1975 1976 - 1977 . 1978 1979 (%) 173/'79

' ' - _ ' | (% p.a.)
Residential "1,447 (26) 1,302 1,418 1,486 1,623 1,786 2,015 (25) 5.7
Commercial 1,649 (30) 1,629 1,812 1,958 2,177 2,323 2,508 (31); 7.2
Industrial =~ 2,202 (40) 2,248 '2,386 2,571 _2,764 2,990 3,349 (42) -f.2
Strect Lights 4 (0) 4 45 A7 49 50 52 (1) 2.8
Resale 205 (4) 216 228 255 581 187 63 (1) -l9.1
Total 5,567(100) 5,438 5,889 6,317 6,894 7,987(100) 6.2

Source: i979 Statistical YéarBOOk on the Philippiné Blectric Power
Industry, NAPOCOR -Corporate Planning, July 1980



Table 3-7 Ratio of Population Served by
' ’ Elecbrie Utilities '

1972 - y 1979 .
o . With Total /1 With Total = /1
Region "~ Electricity Population . Electricity Population

| | % (10%) @) (%)
Luzon j 34.7 21,535 49.0° 25,358
Visayas . 20.3 9,565 7.9 - 11,040
Mindanao - 18.2 7,77 L 16.9. 10,182
Total Philippines 27.9 38,817  34.6 46,580

‘Remarks: /I Total population with and.without'electriéity-
" Source: 1979'Statistic§1 Yearbook on the Philippiné Electric Power,
Industry, NAPOCOR'Cbrporate:Planning; July 1980

_ "758;;.



Table 3-8 NAPOCOR

‘Average Power Rates by Region

©Unit:  centavo/k¥h

2975

1976

1978 1979 -

Region . 1973 1974 - 1977

zon 5,56  7.08  12.65 14.03 18,10  18.16 22.77
Visayas  T.57 707 13.48 14.20 29.21.  29.45 30.60
Mindenao 2,20 2 2.98 2.98

2,34

4,26

© 11.00 . 13.80

Source: 1979 Statistical Yearbook on the Philiﬁpine Electric ?qwer '

Industry, NAPOCOR Corporate Planning, July 1980
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