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Reconmendations

Some items necessary for the smooth and swift completion of the project has

been summarized In the form of vecommendatiouns.

i.

The range of overseas. coal for possible procurement is extremely exten-
slve, In procurement, attention should be paid to economy, as well as
reliability and security, and to diveréification of procurement sour-
ces. The establishment of an organization to study procurement strate-
glies and i@plgment them within NAPOCOR is desirable for a systematic

procurement of fmported coal,

Thé‘preliminary-design of the power plant facilities has heen prepared

: On'thé assumption: of split use of indigenous and imported coal.

Australiafs“Lémiﬁgtbn'coal (6,524 kcal/kg) has been employed for the
design. OSources of procurement are extensive in varlety, and policy of
the procurlng party can be reflected strongly in the contract. Whén
prqcufing:overseas coal in the future, it is desirable that coal of
quality comparable to or betﬁer than Lemington coal be studied based on

the standards of coal quality evaluation.

Taking into consideration the energy policy of the Philippine

'Government,.the'plaﬁt has been designed to use indigénous and overseas

coal on a split basis. However, the result of the study has revealed

“that the potential supply capacity of indigenous coal, at the starting

time of this project, might be less than 50% of the demand. Therefore,
from an economic view point, one boiler should be designed to burn
imported coal only, and the other boller for mixed burning of indige-

nous and overseas coal.

The construcktion schedule 13 43-months from contract award to takihg
over of the first unit. It is a standard schedule based on similar

projects., It is important that all possible measures be taken to start

- operation as early ae possible., Hence, efforts for smeoth contract

award proéédure are necessary. For this putpose the following actions

should be taken:

(1) NAPOCOR must start negotiations for financing as quickly as
posgible following receipt of this report.

(19)



(2) The tender documents should be prepared by NAPOCOR. The reason is
that NAPOCOR has experience with Calaca in preparing standard
tender documents for coal-fired thermal power plant. It is
believed that necessary Information for the preparation of the
tender documents can be obtained from the. report and past..
exchaﬁges of viewé. Hence, NA?OCOR-must.start preparat{on-of

tender specifications after receipt of this report.

The period until the confract is awarded should be reduced to the shor-

test possible period.

There éfé manf pfoblems that require undéfst?ﬁding and'doopéfqtidn_of
the local community, such as acquisition of 1énd, construction of
large-scale port, adjustment with existing navigation routes, .and
acquisition of ash disposal area. -For this reason, discussion with the

local community on the project should be started immediately.

It is important to precisely grasp the natural conditions at the

planned site in order to smoothly carty out the detailed design and

‘construction of the project. It is recessary to carry out observation

of wind, sea water temperature, runoff of ‘the Masinloc river, etec. as
well as topographic survey of sea-bottom. and topography, and additional
geological éurvey;will be fequired systematically arodhd'the planned

site.

(20)
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_CHAPTER 1 INTRODUCTION

1.1 General

(1) National Power Corporation (NAPOCOR) fequested the'Japanese

Government in 1988_to have a feasibility study performed for a

| édal%fiﬁed ﬁﬁermal power project of 2 x 300 MW for the purpose of
prdﬁ&ting_tﬁé_electric.power development plan in Luzon Island.
‘Japan International Cooperation Agency (JIGA) concluded an
rImplementing Arrangement with NAPOCOR to perfofm this requést of
NAPOCOR, and started the local work from March, 1989. The first
stage of this study is site. selection from among the three (3)
predetérmined sites: The second stage consisted of estimation of
the construction cost and construction schedule including preli—
minary design of the plant facilitiés as well as performing eco-~

nomic evaluation and financial énalysis.
(2) T_h.{s étud_'y is divided into the local work in the Philippines and
the work analysis performed in Japan. . The local work is under~

taken mainly with the cooperation-of persoﬂs concerned in

NAPOCOR.

1.27 Sﬁope offStﬁdy

The main objectives of the Stgdy are to formulate an optimum plan for
"Coal-Fired Thermal FElectric Power Development Project in Luzon
Iéland".and'fo.assess its technical, economic and financial feasibi-

lity.
(1) Pre-selected Sites for Study

(Site-A) Masinloc, Zambales -
(Site~B) ~ San Juan, Batangas
(Ssite~C)  Liwmay, Bataan

(2) First Stage

 The Study is carried out in two (2) stages and the detailed scope

of work at the respective stages is itemized as follows:
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i)

it)

1id)

iv)

Collection and review of existing data and information

related to the study.
Fuel selection.
Power survey

. Review and analysis of exiétlng and plahned power supply

and transmission facilities in Luzon Island.

. Review and analysis 'of information on power consumption
growth and characteristics of power constimption pattern

in Luzon Island.

» Review and analysis of electric power demand and paak

demand from year 1989 to year 2000,

Site selection study

:Site selection study carried out for the aforementioned

three (3) candidate project sites. After the study the

" most suitable project site is recommendede

(3) Second Stage

In accordance with the results of the Eirst stage following stu-

dies and investigations shall be carried out for the selected

project site. -

i).

1)

iii)

iv)

Dotailed siﬁe éurvej of thé selécted projecf site to

investigate the following items:

.- Topographic survey _
~ Marine topographlc survey

~ Geological survey including drilling

¢

Geophysical lnvestigation, if necessary
Formulation of optimum-plan.'-
Preliminary design

Cost'estlmaﬁioo



v) Construction schedule

vi) Envirvonmental assessment

Cwit) Compensation

viii}) Economie analysis

ix) - Financial analysis

1.3 Overall Social Counditions of the Philippines

(1

(2)

Territory

The Philippines is situated in the southern part of the Eurasia
plate and is an archipelagic-country consisting of 7,107 islands.
The total land area of the country is approximately 300,000 km?,
and its Jocation is from 4 degree to 21.5 degree north latitude
andrfrom I16_degree to 127 degree east longitude. The topography
of the Philippine Islands is extremely complex and the geographi-
cal feature of the Luzon island is one of ailuvial plain with

narrow valleys and gently rolling hills and high mountains.
Weather Conditions

The climate of the Philippines is tropical with rainfall fre-
quently exceeding a monthly average of 500 mm during the
northeasterly seasoﬁal wind season and the trade wind season on
the eastern shores-of Luzon, and the maximum precipitation is
during the east west seasonal wind season for the major part of
western Luzon. The maximum:average temperature durlng the day is
between 29°C to 23°C while fhe minimum temperature during the day
is between 18°C to-24°C.



Monthi 4 5 3 4 s 65 7 8 9 10 11 12

Average . _
Temperature | 25.3 26,0 27.4 28,9 29,4 28.4 2?q7 27.3 27.5 27.2 26.5 25.7

(°C}

Precipita~ 14.3 5.0 6.6 14.8 122 250 344 434 317 191 127 60.2
tion {mm)

1.4 Related Organizations
l.4.1 Government and Related Agencies

In 1987, the Aquino government abolished the Department of Energy
and reorganized thé energy related organization. ' The éontrolling
function of'thiS'depértmént wés transferred to~the'Eﬁergy”Reguiatory
Board (ERB). This was based on Executive Order No. 172.° ERB under-
takes formulating and coordinating policies and pléns-related'to
. energy. The government organization chart responsible for energy is

shown in Fig. l.4-1.

Fig. 1.4~1 Government Organizations Responsible for Energy

President_

Office of the President

NEA PNOC  NAPOCOR OEA ERB. _NEDA
{EC 131/192) (E0 195) (E0 172)

Note: WNEA : National Electrification Administration
"NEDA: National Economic and Development Authority
NEDA coordinates energy policies and energy-
related projects from the point of view of the
Philippines economy as a whole.
PNOC: Philippine National 0il Company
OFA - : Office of Energy Affairs



1.4.2

Electricity Enterprises in the Philippines

The-electricity enterprises in the Philippines consist of the

Nationalrpower Corporation'(NAPOCOR),_a governmental organization,

which gerfofms development of power sources including transmission

line, and the maln private enterpriée that supplies electricity in

and around Metro Manila is the Manila Electric .Company (MERALCO).

..The remote area where the power transmission system of NAPOCOR can-—

not serve, electric power is supplied by public and private power

(1)

- generating plants which total 800.

National Power Corporation (NAPOCOR)

The National Power Corporation was established in 1936 with the
government contributing the total amount of capital for the

purpose of generating hydro-electricity and electric power

‘undertakings with other natural resources. This was based on

Commonwealth Act No. 120 of 1935. The role of NAPOCOR was
substantially enlarged by virtue of the WAPOCOR Charter and
Presidential Decree 40 of 1972. At present NAPOCOR is engaged
in performing surveys and development of all resources for
electric power sources as well as maintaining a power
transmission network throughout the country to supply electric
power, it generates and wholesales to the electric cooperative
associafions throughout the country and to Manila Electric
Company in accordance with the socio economic development poli-

cies of the country.

All deliberations and decisions related to the business poli-
cies of NAPOCOR are performed by the National Power Board.
Each member of the board is nominated by the President. The
organization.chart of NAPCOCOR is shown in Figure 1.4-2,
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" Fig. 1.4-2. Organization of NAPOCOR

al Power Board

Nation
Chairman
0ffice of the President and Office of the
Chief Executive Officer Corporate
President Secretary
General Counsel Internal Audit
S.V.P. S.V.P. S.V.P.
Engineering Operations Corporate Affairs
and Nuclear- :
| Engineering | Systehs | Planning
1 (Main) @ Operations Services
o _ Northern
Philippine | Luzon Regional | Finance
| Nuclear Power Center
Plant :
Metro Manila
| Regional | Administration
. Center
Thermal S
Power Southern
Engineering | Luzon Regional | Human
. Department Center Resources
Visayas
- Regional
Center
Mindanao
| Regional

Center

The facilities in the possession of NAPOCOR are 5,782 MW and

-'thefhumber'of employees is 11,294 as of the end of 1988.

@)

Manila Electric Company (MERALCO)

Manila Eleétfié_Company was established by the amalgamation of

3'c0mpénies;'in:1919; namely:;_Manila-Eiéqtric Railroad &

" Lighting Co.; Manila

Suburban Railway Co. and La Electricista.
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Later, the bus division was separated;and in the meantime the
electric division steadily enlarged ag a result of the
increasing demand for power. The entire shares of Manila
Blectrie Company had been posseséed by an American helding com-
paﬁy,:Géﬁeral‘Public Uéilitieg Corp., but in 1962 the shares
were bougﬁt by HERALCO Securities.Corp. :

MERALCO currently distributes electriec power to an area
totalling 8,813 km? {approximately 3% of the total land area)
covering Manila and the outskirt,of.Mani1a. Blectric power.

is purchased from NAPOCOR on a wholesale basis, and of signifi-

cance interest is that of the total electric energy wholesaled

by NAPOCOR which amounted to 17,645 MWh, MERALCO has purchased

10,160 MWh which is equivalent to 58% of the electric energy

'wholesaled by NAPOCOR according to actualrfecords.fot 1986.

National Electrification Administration and Electrification

Cooperative Assoclations

in the Philippines, electrificatfion of the rural community has
been taken up as one of the most important policles of the
government from some time ago, and for this'pﬁfpose the

National Electrification Administration (NEA) waé established

“4n. 1969 as its promotional organ. MNEA procures funds, prepares

tender documents, purchases_equipmentfand material and sells

the constructed power distribution facilities to electric

-cooperative associations. Therefore, NEA itself does not

possess any electric powe: facilities, but NEA'organizes
electric cooperative associations throughout the country and
promotes electrification of the urban districts through such

assoclations.

. There were electric cooperative aS#bgiations established in 118

places in 73 provinceé and 2 sub-provinces thrbughout thé'_
entire country by_1984. 'The:électfic cooperative assoclations
purchase on a_whqleséle_ﬁasis electric power suppiied_from .
NAPO&OR an& éélis-it to urbanrqsers'ﬁithin ;Héir:iéspéétive_
fegions throﬁgh theif disﬁribution facilities. .



1.4.3 Persons_Rel%ted to the Study

For this project feasibility study, cooperation has been obtained

from various sources including NAPOCOR,'and listed below are the

.. 'names and the respective position of those who have ccoperated in

this endeavor.
{NATIONAL POWER CORPORATION)

Mr. Ernest M, ABOITIZ

Mr. Francisco T. DELGADO

Mr. Marcianc C. AVENDANO

?resident and Chief Executive
Officer

Senior Vice President/
Engineering and Nuclear

Vice President/Enginecring (Main)

Thermal Power Engineering Dept.

Mr. Gilberto A. PASTORAL
Mr. Dennis P. PEDRON
Bienvenido A. BABILONTA
Conrado B. MARAMAG

Mr.
Mr.

Environmental Managément Dept.

Manager/Thérmal Power Eng'g Dept.
Manager/Thermal Projects
Develdpment Div.

Principal Eﬁgineef A”

Principal Engineei_A

Dr. Gonzalo A. BANTUGAN
Mr. Nestor E. TAMONDONG

Mrs. Humbelina M. CASTRO

Vice President

Corporate Speciélist/EMD
Manager/Environmental Impact &
Assessment Div,.
Chief/Physico~Chemical

Environ. Section

Engineering Resources Service Dept.

Mr. Ronaldo A. ALMERO

Mr. Zosimo P. SANTOS Jr.
Mr. Romeo M. PULANCO
Mr.
Mr.
Mr.

Adelo I. DERILLO
Fernando Y. ROXAS
Petronilo E. PANA

Manager/Eng'g Resource Sves, Dept,
Manager/Eng'g Survey & Invest. Div.
Manager/Geology &

Geotechnics Div.

Chiéf/Geophysics Section
Chief/Eng'g Geology Section
Chief/Geotechnical Section



Mr. Artemio A. LAGARAMA Principal Engr. B.

Eng'g Survey Section

Settlement & Land Management Dept.

Mr, Arturo V. GRIMAREZ Manager/Settlement Services Div.
(Semirara Coal Corporation)
Mr. Clarence A. FAJARDO Manager/Marketing & Administration

(JICA Study Team)

Hiroshi:ISAKA,

~ Shigeo MATSUZAKI
Hifoshi NAMBA
Masahiro UEDA
Masashi HATANO
Yastuo ONDA
Haruo KUBO
Kuniaki YOSHIOKA
Takao CHAISHI
Akira MAMIYA -
Hozumi AWATA
Hidenori FUJISHIMA

Team.ieader

Project Plan
ﬁechanical Facility
Coal Handling Facility
Electrical Faclliity

nsyétgm Analysié

Civil Design
Port Plan
Geology

Environment

. Economy

Architecture
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CHAPTER 2 - BACKGROUND OF THE PROJECT

2.1 General

(1)

(2)

(3)

The gconohiefenvironment of the-Philippines has been rapidly

‘recovering ‘since 1987 and the growth of gross domestie product

has reached 6.6% in 1988. ‘The power demand of the Luzon grid has

also been rapldly growing since 1987 and has miraculously

expanded to 9.2% in:1988. On the other hand, the installed capa-
clty of the Luzon grid is 4,100 MW as of 1988, but the dependable

‘capacity is only about 3,200 MW. Therefore, even if the projects

as formulated by NAPOCOR in the Power Development Program (June,
1988) were to be completed as scheduled, electric power shortage

of approximately 125 MW is expected in 1995. 1t would therefore

'be'necessafy to urgently plan for an expaasion of the power

source,

In :1986, the Philippine government decided to mothball the

nuclear pqwer plant, This decision has accelerated the electric

: power. shortage condition and NAPOCOR had implemented an emergency

measure of empleying gas turbines to cope with this predicament.

. On the-other hand, in order to undertake a full scale development

of electric power scurce in accordance with the energy policy,
coal-fired power project development was planned in the outskirt
of Méﬁila In 1987 and a preliminary study was conducted on
several possible'sites. As a result, a request was made to the
Japanese-QoVerﬁment to select an optimum site from the three (3)
proposed sites located in Masinloc Zambales, San Juan Batangas
and Limay Bataan, and similarly to coanduct a feaéibility study of

the development Including preliminary design.

The gnergy policj of'the fhilippines is directed towards thé
i) .Promotion of energy diversification.

ii) 'Devqlopmenc.of domestic enargy resources.

This policy alms to reduce the dependency on oil. Upon the

receipt of such policy target, the development plan for the coal-

2-1



fired thermal power project was aggressively exémined in the
electric power development plan. It is planhed te develop .
3,000 MW by coal-fired power project up to the year 2000 in the
Luzon grid.

{4 1t is generally said that the economic effects.that‘the electric
power development creates extends to up approximately_z.S times
through its interaction with other.inﬁustrieéjsuch as. electric
nmachinery, basic metals, mining .on éonstruction.' In this pro-
ject, the poliéy is to use indigenous coal, and the impact that
this would have on the coal»iﬁdustry 1s ‘expected to be enormous.
At the same time it is inﬁended to use overseas.cual to supple-
ment the shortage of indigenous coal, This ‘1s expected to stimu-

late the development of the domestic. coal:industry.

Also, Ehe hugg sizelof the vessels to Ee,uge@ in:tbe ocean
.transﬁorfétion of the oveféeas ééai.will aiéd havé_an_inflqential
effect on the local econowics. Hence,.adjacentrto Masinloc where
this project is proposed.to be located the Coto chfomite miﬁe-fs
presently operating and.is contributing to the promotion of local
industries. Selecting-ﬁhis-site:fbr.the.poﬁerﬂplantrwill requife
maintaining infrastructure including habor-faéilifies, espedially
for Masinloc: This is expected to.contribute .to the stabiliza-

tion of the social foundation of the community. -



2.2 Particulars of the Study:
2.2.1" Improvemeﬁt of the Economic Environment

mihé-égonomid situation in the Philippineé has femarkably improved
during ﬁheée éﬁét 2-t023'years. The Philippine econony has freed
itselﬁ from'thg previous slow growth rate and the real economic
growtﬁhsipcé 1§87‘can_be said to be miraculous. The actual GNP
growth since 1983 is shown in Table 2.2-1. The electricity demand
thaﬁ supports these vigorous ecbnomic.activities has also shown a

‘remérkable growth of about 9% as it can be noted in Table 2.2-2.

Table 2.2-1. Changes in Actual GNP Growth Rate

Year | 1983 | 1984 | 1985 | 1986 | 1987 | 1988

- GNP Growth (%) |- 1.1 ~7.1 -4.3 1.5 5.7 647

_Table 2.2-2 Changes in Electricity Demand
(Unit: 108 kWh)

1983 1984 1985 1986 1987 1988

Entire 18,682 | 18,666 | 18,757 | 19,263 | 20,995 | 22,944
Philippines | (7.3) | (0 )| (0.5)| (2.7)| (9.0)| (9.3)

Luzon Grid |.15,294 -14,655 14,449 | 14,756 | 16,030 | 17,439
. . (6-2) (_402) ("'1&4) (2-1) (8n6) (808)

Visayas - | 1,057 1,177 1,343] 1,467 | 1,693 1,876
Grid : -(36) | (11.4) ] QQ4.1) | (9.2) | (15.4) ] (10.8)
Mirdanao | 2,331] 2,834| 2,965 3,040| 3,272| 3,629

Grid (4.2) (21,6) (4.6) (2.5) | (7.6)] (10.9)

Figures in parentheses are the rates of growth in
compatison to the previous year in percentage




Table 2.2-3 Changes in Peak Demand .
(Unit: MW)

1983 | 1984 t985 | 1986 | 1987 | 1988

Luzon 2,478 | 2,374 | 2,311 2,435] 2,592 2,780
o (4-8) ("'4 2) ("2:7) (504) (6.4) (7-3)

visayas 220 | 242  256| 284) 307 333
1) (5.7 | (5.8) | (10.9) | (B.1) [ (8.5)

Mindanso | 410} 433| 470| 484] 533| 571
(5.9 [ (5.6) | (8.5 | (3.0 ] (a0.1)| (7.1)

2.2.2 Urgency for Expansion of Electric Power Source

' .The total installed cqpacity in the Philippines is approximately
5,800 MY as it can be secen in Tables 2. 2~4 and 2. 2—5 but the Luzon
grid accounts for 4,100 MW which is equivalent to 70% of the total

elactric power generating capacity.

0f these facilities, 30%Z is contributed by hydro-electric power

plants which cannot avoid output.tedﬁction'dﬁring the dry season.’
__Also,_pil—fited power plants that are mbre than 15 years 61d amount
to 1,025 MW. The loss of efectric power system exéeeds 10% and

measures for the prevention of such loss is a major issue.

Taking these circumstances into cbnéideration;'1£ is reasonable to
consider that.the;dgpendablé capacity of the grid is approximately
33200 MW. If the annual demand for.élettricity were to continude to

' grow in the range of 8%, the electricityfdemand_of_thé Lﬁzon grid
will reach approximdtely 25,000 Gwh'an& the maximum electric power
will cone up to approximately 4,000 MW by 1993, and therefore,
electric power development of approximately 1,600 MW will be
required when the reserve rate, ‘etd. are taken 1nto conslderation.
Under these circumstances, the preliminary study of the new. coal-
fired power project for the Luzon grid was conducted in 1987 by

" NAPOCOR for the purpose of urgently repleting the power scurce. In
1988 NAPOCOR requested a full scale feasibility study to be con~
ducted by the Japanese Government based on the results of the preli-

minary study.



* Table 2.2-4

Installed Capacity

_ (Unit: MW)
0il-based ~ Hydro | Geothermal Coal Total
Entire | 2,359.6 | 2,123.8 894.8 405:0 | 5,782.4
Philippines | : .
Luzon Crid 1,925.0 1,226.2 660.0 300.0 4,111.2
Visayas' 254,0 2.0 1234.0 105.0 595.0
Grid -
| Mindanao 180.6 |~ 895.6 - - 1,076.2
Grid

(As of June, 1988)




Table 2.2~5 Existing Generating Plants in Luzou Grid

. (As of June 1988)
Unit Year of : :

Plant Name Type Unit. Capacity Comm. Retire~ | Location
. : No | Year . o L
: (MW) ment :
1. BOTOGAN | Hydro| 1 8.00 | 1946 | 1988 | Majayiay,
2 8.00 | 1948 | 1988 | Laguna
0.96 | 1945 | 1995 .
2, CALIRAYA Hydro | 1 8.00 | 10/45] 1992 [ Lumban,
: : 2 8,00 | 11/451 1992 Laguna
3 8.00 10/471 1997 :
4 8.00 |. 2/57] 2000
3. AMBUKLAO Hydro{ 1 25.00 | 12/56| 2006 | Bokod, Beﬁguet.
2 25.00 12/56 2006 o '
3 25.00 9/57 { 2007
4. Buhi-Barit | Hydro| 1 1.80 | 9/57| 2007 Buhi,
. Camarines Sur
5. CAWAYAN Hydro{ 1 0.40 | 16/59| 2009 Sorsogon,
. . Sorsogon
6. BINGA Hydro | 1 25,00 1/60 [ 2010 Itogon,
2 25.00 1/60} 2010 Benguet
3 25.00 3/60 2010
4 25.00 3/601 2010
7. ANGAT, MAIN | Hydro | 1 50.00 | 10/671 2017 -'Norzagaray,
' 2 50.00 | 10/67 1 2017 Bulacan
3 50.00 8/68 | 2018 -
4 50.00 8/68 | 2018
8. ANGAT, AUX |Hydro| 1 6.00 | 7/67| 2017 | TWorzagaray,
2 6.00 7/67 % 2017 .| Bulacam
3 6.00 | 10/78| 2018 _
4 10.00 | 6/68| 2018
9. PANTABANGAN | Hydro | 1 50,00 | 4/77| 2027 | Pantabangan,
- 2 50,00 | 5/77] 2027 | Nueva Ecija
10. MASIWAY “}Hydro| 1 ~ 12.00 |12/80| 2030 | Pantabangan,
, Nueva Ecija
11. KALAYAAN | Hydro! 1 150.00 | 5/82| 2032 | Kalayaan,
2 150.00 8/82| 2032 Laguna
12. MAGAT Hydro | 1 90,00 | 8/83| 2033 . | Raman, Isabela
' ) 2 90,00 9/83 2033 :
3 20.00 11/83 2032
4 -90.00 8/84 2034




(As of June 1988)

_ Unit Unit Comm Year of
Plant Name b Type Capacity ‘| Retire~ Location
No. Year
: {MW) ment
13, TIWI Geo 1 55.00 | 1/79| 2009 | Tiwi, Albay
S : 2 55.00 | 5/791 2009
'3 55.00 1/80 1 2010
4 55.00 | 4/80| 2010
5 55.00 | 12/81[ 2011
6 55.00 | 3/82| 2012
“14.  MAK~BAN Geo 1 55.00 4/79 - 2009 | Bay, Laguna
2 55,00 | 7/79.| 2009
'3 55.00 | 4/80| 2010
A 55.00 | 6/80) 2010
15. MAK~BAN | Geo 5 55.00 7/84 | 2014 Bay, Laguna
- ' 6 55.00 | 9/84| 2014
16. CALACA Coal | 1 300.00 | 1984 2014 | Batangas
17. MANILA o1l |1 100.00 | 9765 1995 | isla de
2 100.00 | 10/65| 1995 | Provisor
Metro Manila
18, SUCAT 1 & 2| 0il 1 150.00 | 10/68 | 1998 | Sucat,
' { GARDNER) 2 200.00 1/70 1 2000 Muntinlupa,
R ' ' 1-Metro Mani¥a
19, SUCAT 3 & 4| 0il 3 | 200,00 | 7/71] 2001 | Sucat,
(SNYDER) 4 200.00 8/72 | 2002 Muntinlupa,
S B g : " | Metro Manila
20, BATAAN’ oi1 | 1 75.00 | 97720 2002 | Limay, Bataan
: : 2 150,00 { 2/77{ 2007 '
21, MALAYA' 011 1 300.00 | 9/75| 2005 | Pililla, Rizal
: 2 | 350.00 | 3/79! 2009 .




2.3 Current Economic Situation and Economic Development Plan

T

.2'3'1 Current Economic Situation

(1) The Philippine economy recorded minus growrh for years 1984 and

(2)

(3

(4)

1985 when the GNP growth rates were ~7.1% and ~4.2% respec-
tively for these years, but for the years 1986, 1987 and 1988,
domestic demand such as: private consgmption’egpénditﬁres and
private investment in ﬁlahts and équipment hare increased sup-~
ported by stabilization of inflation and in interest: rates, and
the GNP growth rates during these three years acceleratlngly

recovered to 1, 5%, 5.7% and 6.7%, respectlvely.

The charac;eriétics of thé:économ;c'étruéture in thie Philippines
lie in the primary indﬁsrries with agriculture, foréstry and
fishery etill occupying 30% of the groéé'ddmestic;produét and
1ndustrial and service industries being a little over 30%. In
respect to trade ‘structure, the main products of export are
agricultural products such as copra, sugar, banana, wood, coco-
nuts, etc;'ana other primary products. Althdughgthe'currency
exchange rate‘has been consistently depréciéting.tﬁere has been

almost no increase in its export.

Import of'finiéhed géods.from théJU.S-A. is the méjor bulk of
imﬁorts'into.the Phiiippineé and payment of imported oil still
réﬁains:a heévy burden oﬁ the ?hilippiné.économy. Reséiving :
the cumulative“deficit in the balancé ofrgrade payment is-a

vital watter for the'growth-ofzits e¢onoﬁy.

Foreign debt bélance/GﬁP hés'réachéd-rhe étagé of occupying
95% and remains even recently at a rate of over 80%. The
total debt service relative to export of goods and services
(TDS/XGS) was at a high 35.4% for 1987 and 33.7% for 1988, and

the situation remaina severe.

Recently, the Philippine economy has been rapidly recovering

and in a state of being able to continue the high growth rate,
but is sufferlng from the accumulated foreign debts and shor"
tage of‘foreign exchange which is é pré-réquisite for economic

growth. The saeverity facing Philippine economy ig more than

" 1ts outward appearance. .

2 -8



Table 2.3~1 Current Situation ‘of the Philippine Economy

1986 1987 1938
Actuai'shp‘cfdwth Rate (%) -4.3 1.5 5.0 6.7
_Increase Rate in 23.1 0.8 3.8 8.8
Consumer Prices (/) ,
, Ordinary Expenditure. -0.3 3.3 ~1.6 -1.1
Balance/GNP (%)
Export/GNP (%) - 2544 24.7 26,8 29.4
Foreign Currency Reserve 10.9 2641 23.1-
including Gold (100 Mlllion Dollars)

Balance of Foreign Debts/GHNP (%)

81.9

95.0

86.5

Table 2.3~2 Structure by GDP Industries

(Real: 1972 prices, Unit

: Million Peso, %)

1984 1985 1986
: : : I Diskri~- Rate
Amount | Amount | Amount :-bution of
Ratio Growth
Agriculture, Forestry and 25,409 | 25,409 ] 27,233 30.0 3.7
Fishing Industries : : ) B
Mining and Manufacturing 32,282 | 29,000 | 28,204 31.1 2.7
-Mining - _ : 1,755 1,768 1,558 - 1.7 11,9
Manafacturing 23,3191 21,541 | 21,717 23.9 0.8
Construction 5,866 | 4,258 | 3,382 3.7 20.6
Electricity, Gas and Water ' 1,342 1 1,433 1,547 1.7 8.0
Serﬁice Industry .36,236 34,551 35;333 38.9 2.3
Transportation, Communication | 5,032 | 4,953 | 5,084 5.6 2.6
and Warehousing :
Commerce 14,073 | 14,066} 14,337 15.8 1.9
Bank:and Others 17,131 |.15,532 | 15,912 17.5 2.4
GDP 93,927 | 89,803 | 90,770 | 100.0 1.1

Source:: NEDA;'"Philippine“Statistical Yearbook" 1987



2.3.2 Outline of the Economic Development Plan

The Philippines is in a precarious situation of becoming short of
foreign currency if this pregent condition were to perslat due to
foreign debts which have reached approximately. 30 000 million
dollars. Under these circumstances the medium term economic plan
(from 1989 to 1992) of the Philippine government has been drawn up
in March, 1989 after deliberation with IMF., Under the new medium
term economic plan, the Philippine'goﬁernment aims to” attain a con-~
tintous annual economic growth rate of 6.5% for this yeer which.is a
high rate of growth through aggressive fiscal policy and by pro-
moting private enterprises as wall as by effectively combining it

with the strengthened tax collection efforts.

Summary of the medium term economic plen:(l989 - 1992) of the
government.

(1) Aim of development: Correct poverty, create jobs and realize

soclal failrness
(2) Baeic dutyr To atrain continuous growth -
(3) ‘Major targets-of the economic'deVelopment ofrthe soclety
i) To attain an-acrual GNélaverage grthh rate of 6.5%.

ii) To increase the investment ratio of GNP from 18% in'1988
to 24,5% in 1992

iii) .In particolar, to'increase the'government investmenrr
amount from 3% in 1988 to more than 5.5% from 1991*&5_
1992 in GNP_ratio ' ' | '

1v) ‘However, there will be a shortage of funds totalling
US$3 0090 million during the period 1989 to 1992.__Inr_
order to cope with this shortage, new loans will be' .
sought from foreign private banks, and, a request for re-.
extension of debt repayment will be made to the Paris
Club (official bond conference) | '

v) Under the new taxation system which has the value added

tax {VAT) as the backbone and which was introduced in
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1988, efforts will be made to strengthen tax collection,
and at_the game time ratlonalization of government
departments will be.strengthened. As a result of these
efforts, the government current account balance of 13.9%
in 1988.wi11‘be reduced to 12Z-in 1992

Table-2.3-3. Main Target of the Medium Term Economic Plan
_ 4in the Philippines (1989 to 1992)

(Unit: %)

1987 1988 1989 1990 199! 1992

’ GNP (Growth rate) . 5.7 ) 6-7 6-5 : 6.5 6.5 6-5
Consumer Price'(Cfoﬁth rate) 3.8 3.8 8:0 6 - 7. 5-6 5-6
Public Investment/GNP 3.6 3.4 42 4 5.6 5.8

- Debt Service Ratio* 35.4 33,7 33.8  32.2 31.0 29.4

* Debt Service Ratio (TDS/XGS): Total debt service relative to
' s ' . -export of goods and services
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2.4 Energy Policy

2.4.1

2.4.2

Basic Target

Dufing the first oil crisis'of 1973; the primary energy supply
volume of.tﬁé\Philippines was 92%"depéﬁdent upon imported oll, and
the amount of imported'oii to the total import amount was 13%. Fronm
that time up to the first half of the 1980's the price of oil has
been increasing and payment for imported oil continued to Increase

until the amount reached 25.6% of the total import in 1982.

In order for the Philippine economy to realizé an economic growth
in this situation of high oil prices and at the same time to reduce

its foreign.debts while holding the energy consumption at a high

level, it is necessary to convert the source of energy from the pre-

Giously‘imported energy to domestic energy. In order to cope with
this situation, the Philippine government made an economie forecast

in 1979 and formulated a policy in regards to energy develcpment.
As a result gf.progressing aldng this #ian to déveibp domestic
energy, the ratio of domestic energy became 42Z and the imported oil

ratio was 56% of the total energy supply which indicated that

reliance on lmported oil has been favorably decreasing.

The basic targets of the government in regards to energy development

are as follows:

(1) To guarantee energy supply at economical prices and to suppress

hindrances in the supply of electricity
(2) To promote efficiency and to rationalize the use of energy
(3) To control the effects on the environment that accompany
energy development
Policy and Strategy of the Power Development Plad.

The contents of the pblicy_and the strategy in regards ro the power

development plan of the Philippines are as'fallqws:

(1) To compiete each project within the term of the plan
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(2) - To perfornm rehabilitation on the exlsting oll-fired plants with
the aim of Increasing the power generation capacity and to pro-

mote reliability

.{3). To reassess and arrange.-the Power Development Plan in order to

promote efficiency at each stage of the energy department

i) To increase the rate of utilization and load factor of the

facilities

1i) To reduce the plant cost and control the power generation

cost
(4) To promote energy saving plan

(S) Te restructure electric power consumption unit f£rom the econo-

mic view point

(6) To promote efficiency and improve the system operation in order

to reduce loss of load probabilities

(7) To allow the participation of the private sectors in the new
power development under the BOT/BOO scheme and the control of

" public investment

(8) To assess and to ilmplement measures for eavironmental comntrol

and at the same time to develop all types of energy

The Philippine government has instructed NAPOCOR to effectively uti-
lize indigenous energy,'other than imported 611, in order to meet

the Increasing demand for electric power.

'Alfhough the mothballing of the nﬁclear power plant in 1986 by the
Aquino administration was based on safety reasons and a poiitical_
decision, this:has becoﬁe a big impact on the electric power shor-
tagé when fhe demand for electricrpower was rapidly'inéreasing. The
nucléaf-poweriplant was scheduled to supply 620 MW electric power to
the:Lﬁzon'grid. In order to cope with this electric power shortage,
NAPOCOR had to install gas turbine plants capable of generating

200 MW to 700 MW to meet the emergency éituation. The gas turbine

plants, however, cannot be said to be favorable from the economic
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stand polnt, It is therefore considered that an early promotion of
the coal-fired thermal_power plant has become indispensable as a

result of this development.

The power development plan as formulated by NAPOCOR in June, 1988 is
shown in Table 2,4~1. :
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Power Development Program

Table 2, 4-i

{June_1388)

2 - 15

_ ~Luzon Visayas ~ Mindanao
Year| . | Cap _ Cap Cap
: Plant Additions Plant Additions Piant Additions |-
o ce |- (MW (M) ' . (M)
19881 OLPCO DSL 46
iSBS Gas Turhine ‘ 500 Leyte -Samar - Agus | 80
Rehab SUcaf | : Interconnect ion
1990 | Mak-Ban 7 Geo 55| Janopo! Hydro *'| § Gas Turbine A 150
Small Luzon Geo 401 (Power Barge 2) (32) (Power Barge ?) (32)
Rehab, Sucat 4 Negros-Panay ‘ -
Interconnectien
1991 | Bac-Kan'1 Geo 1ot —_ — | Gas Turbine B 50
Gas Turbine 200
1992 caléca I Coal _ 300| (Power Barge 2) (32) Power Barge 2 32
Bac-Man || Geo 110} Palimpinon Geo 4§ | 37.5
Luzon-Hindero febu-Nagros~Panay | —
Interconnection Interconnection -
1993 | Coal i 300 AP0 Geo 1 & 2 110
1994 | Luzon Geo 330 Paiimpinan Geo 5%21 37.5- | Apc Geo 3 55
1995 | Tongonan Geo A 448 — — Apo Geo 4 g5
_ HVDC—II 350KV
.1996 | Tongonan Geo B 440{ Palimpinon Geo § | 37.5 | Agus Ji - 225
' _HQBC~!I.35GRV
1997 | Coal A 6001 -
1838 | Coal B §00 | (Power Barge 2} | (5.5) | (Power Barge 2) | (32)
o .| Bohol DSL
1995 | Coal € -goo} Coal A 100
2000 Coé] 0. 600§ Jalaur Hydro | 24 Coal B- 100
® 11 NEA project
®2 Entry reset to 1992 due to uncertainties associated with nan-NAPOCOR piants
' “NOTE:" Parenthesis indicate pull®of Power Barga,
%3 : Bac-Han stands for Bacon-Manito,




2.5

Economic Influences of Coal-fired Thermal Power Davelopment Project

The economic effect of the coal-fired thermal power development pro-
ject is basically evaluated through economlc and financial: analyses of
the willingness to pay of those who benefit from the additional power
supplied by the project. On the othe1 hand, the power project of “such
a large scale will inevitably have a strong impact on the energy and

power policies; also, its secondary effects through varioue industries

- will affect the general econonmlc growth. This section deals with ihu

2.5,1

direct economic effects of the thermal power project and its signifi—

cance in the energy policy, both of which are not included in the
cost-benefit analysis in economic evaluation and f{nencial analyses in
Chapters 10 and 11. :

Energy Policy and the Role of Coal—firearThermal Power Project

The steaoy and sustained ecowomic growth is a central requireoent in
the Philippine’economie policy. A sustaiﬁed economic growrﬁ-ﬁill'be
achieved only through efficient utilization and stable. supply of -
power. Development of petroleum—substituting power -source, in par—
ticular, will reduce the need for foreigp currency needed to import
oil, thus'enhancing the energy self-sufficiency through exploitetion
of the country's own energy source and diversification thereof"all

these will contribute to the stable power supply.

The development of a coal-fired thermal power plant”is crucial for
the country to cope with expected rapidfgrow;h in'power_demand:and
to £fill the power deficiency caused by the mothbailing'of the

nuclear power project,ﬁetc.

The ‘development of a coal-fired thermal power plant will enhance the
overall capacity of power generation as well as the reliability of
power supply'systems, it will thus establish a long—term,prospect of

stable power supply.
(1) Coolffired Thermal Power Project aﬁd_StéBie ?ower Sopp1y  -

i)'-Coai—fifédrpéﬁer,oient,ie_e mejor.eourceeof'eubstitotion

for 0il-fired power plant. ~NAPOCOR plans to develop
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11)

111)

3,200 MW of coal-fired power plant up to the year 2000.

Ag a result, Lhe percentage of oil-fired power plant in

the year 2000 will decrease from the current 35% or more
to 16/ whereas that of coal fired power plant will in-
ﬁcrease from 10/ to 25%, thus helping substitute oil to~
Vgether with the geothermal power pro;ect.

~Eléctric power development in the Philippines grew at an

average annual rate of higher than 7% between 1973 and
1988, with significant increases in geothetmal and
hydroelectric power generation. The Philippine povern—
ment., héweqer, has the diversification of power as its

goal, Therefore, the developmént of large-scale coal-

fired power plants has strategic importance as oil-
substituting base-load pbwer plant in the Philippines'

long-term power policy.

‘Luzon power grid, in particular, is the largest system of

the Philibpines, corresponding to 76% of the naticnal
demand; major goals of“prospecfive growth in power demand

in the metropolitan area, rural electrificatlon, and

: development of the power system require a systematic

strategy of developing:coal- fired power plant as a large-
scale base-load power source and reduction in the power

cost or improvemehts;in_economic efficiency, both through

.. pursuing scale economy in power generation and system

ivj

operations.

_ Important econdmic factors for. steam power plants are

scale merit and learning effects, 1In a growing stage of

power demand, the scale merit is the major factor thfough

_SCalingeup‘of plants with possible techuical improve-

.mente; doublinguof_scale_with coal—-fired plant usually

results to some 20% cost reduction. In addition, con-

tinuous construction of coal-fired plants and accumula-

" .tion of operating experlence are expected to result in

COst”reductionfthrough Tearning effects, thus supporting

prospects- of long~term” cost reductions by scaling up of

_'power'plants owned by NAPOCOR,
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(2)

Ralsing Self-sufficiency in Energy.

Dependence of the Philippine commercial energy on petroleum was
94% to 96% before the second otl crisis (1978) In the 1980s,

‘however, dependence on oil rapidly declined through energy-

saving efforts in industries such as electric and .cement
industries, Reduction in foreign currency spending for
importing oil will continue to be an important political
requirement, thus necessitating to raise ;he_selffsufficiency

of energy by introducing large—scale coal-fired plants.

Commercial Energy Imports

(Thousand tons of oil equivalent)

1973 1980 1983 1985 1987

0il 9,221 9,114 8,064 ~ 6,539 8,185

Petrol Products 416 1,832 2,034 588 1,307
Coal/Coke . .5 163. 131 .. 609 = 298
Total 9,642 11,108 10,229 7,736 9,790
Net 0il Import. . 95.5 . 85.8 . 76.9. 3.1 74.8

Dependence (%)*

% N.0.I.D = (0i1 + Petrol products - Exports)/Primary
Energy Requirement .

The coal- demand in the Philippines in 1987 was 1.85 million
" tons, of which 0.83 million tomns (45%) was purchased by

NAPOCOR.

‘According to our coal demand estimation, as stated in Chapter

5, the total coal demand will grow to about 13'million tons by
the year 2000, NAPOCOR will share the demand with 11 million
tons. Coal demand in Luzon grid will probably increase to more
than 10 million tons up tO'Ehe:yeer 2600; this means 76% of
total coal demand in the Philippineé;

The creation of such a large coal.demand #hrough the develop*

meat of a coal-fired power project 18 a major means of pro-

-moting self-sufficiency in energy.
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2;5.2. Coal-fired Power Project and its Secondary Industrial Effects

Reb

Indiregt Economic Effects of a Coal-fired Power Project

" The power generation has eunormous industrial impact through its

interaction with ‘other Industries such as electric machinery,

‘basic metals, mining or constriction. This applies also to

Philippine economy. The constituent ratio of the coal-fired
power plants is about 10%; production of one peso (®1.00) of

V-electrig power creates B2.32 of additional production in the

whole indqstry through its secondary effects.

:Thé'dévelopment of a large-scale éoal*fired'powér”project as a

substitution for an oil-firad power project will change the

. country's energy scheme by replacing imported oil with its own

coa;. _Also,,cohstruction of power plant facilities and equip-
'ﬁénts_will gffect‘thereconomiq growth through strong impact on
power'schemes fbr domestic coal induétry, wachinery or
construction. In particuiar, the multiplicative effects of
capitél_inﬁesfﬁents'fof éoal—fired power prbject will éignifim

pahtlyraffect_the_overall economic growth., - These effects will

Vbe_énhanced as-ihe development of coal*fi;ed power projects

will ﬁrqmote domestic production of coal and machinery.

'THrdugh the'plant construction and dévelopment of related

- ihfrastruﬁtﬁre such as hafbors, thezlafge—écale coal~fired

(2}

power project will contribute to activation of the local eco-
' nomy, creation of employment stabilization of psople’s life in

‘neighboring areas, thus stimulating the local economy.

‘Increased Production of Indigenous Coal and Improving

~ Productivity

_-=The coa1—fj:ed pqwer_project‘will increase the country's self-

sufficiency in energy through an increase in demand for indige-

‘nous coal and is expected to have the following economic

effects,.

The current price of indigenous coal is some 204 higher than

imported coalj 1t is strongly required for the industry to

2 - 19



modernize its operations aund lower the price through improve-
ments in productivity to compete with overseas coal. The'
creation of enhanced demand for ihdigenoes'coel meets this pur-
pose, since it_will_induce inveetments on infrestructure for
the development of_cew coal mines and modernization of . coal
industry to achieve -higher prodﬁctitity;_it will also enhance

produccion and bring the scale-merit effect.

The secondary industrial effect of the coal industry s as
'importaﬁt as that of the power industry} The multiplicative
production effect is estimated at 2.14, and this means addi-
tional. secondary industrial effects in the process of substitu-

tion of oil with coal for power generation.

These indirect secohdarj effects will help the coal industry to
be competitive against imported coal. The resulting low price

of indigenoue coal will benefit the power industry.

2.5.3 Coelufired Power Project and Import—suberitutioﬁ Project

A major long-term challeﬁge.for rhe'Pﬁiiippine eceneﬁy"is to moder-
nize itself from the present consumer—gooduoriented structure based
on products such as textile,'appliance or machinery to a capital—
good-oriented economy based on petrochemicals including fertilizer,
pulp & paper and steel manufacturing/shipbullding, all these would
mean a large—scale substitution.of_imperted goods. All these
'capitel—oriented_industries'are typicai power—ceceﬁmers, which‘
require reiiable power supplye Previous experiences by other
countries show the effectiveness of the chain scheme of "Coel—fired
power project —.Reliable supply of power and energy — Development of
material industry" .Therefore, it is believed that the change in
the power supply structure by coal~fired power plant has an_ enormous
impact on economic ‘growth and renovatfon of 1ndustrial structure
‘through among ‘the effects of scale merit, substitution of oil or

interactiens with other industries.

2 - 20



Fig 2. 5-1 Economic Effect of a Coal-~Fired Thermal Power Project in Luzon

Diversification of Energy Source (0i} Substitute)

Retrench of 0il import Cost (Saving of Foreign Money) Improvement of Trade Balance

i} _
Rise of Energy Seif-sufficiency : ' Economic  Growth F——--
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e e e et ama————— I _______________________ e g
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(Base load Power Source) ' ;

Reduction of Plant Cost
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L
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Table 2.5-1 Power Generation and its Secondary Industrial Effects

Unit: Million Peso

Industry Industrial Effects

Mining and Quarrying : S 40,913
Electrical: Machinery, Basic Metal _ 345,498 -
Industries, Chemicals and Other Manufacturing
Industries
Construction 1,203
Electrieity, Gas and Water 410,678
Transportaktion, Communication and Storage 21,150
Trade ' - 58,912
Banking, Insurance and Real Estate 5,741
Other Industries | ' 40,501

Total : 924,596 (2.327)

* 600 (MW} x 6,132 (hour) x 1.08 (2/kWh) = #397,354 (Miilion Pesos)
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Table 2,52 Technical Coefficlents of Input

Industries

Technical Coefficienﬁs

Forestry and Logging

Electrical Machinery, Basic Metal Induétries,_

Chemicals and Other Manufactureing Industries

Construction

Electricity, Gas and Water
Transportation, Communication and Storage
Trade

Banking, Insurance and Real Estate

Other Services

Intermed#ate Inpﬁt

Yage and.Salgries

Operatiﬁg Surplus

Total Primary Inputs

Total Input

0.00735
0.51994
© 0.00066
0.0352;
0.01801
0.06644
0.00096
0.01009
0.65667
D.11594
0.22739
0034333

1.00000

* Technical Coefficients = Input/Electrie Output
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Chapter 3 Power Load Forecasting and System Analysis
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3.1

CHAPTER 3 POWER LOAD FORECASTING AND SYSTEM ANALYSIS

General . -

'NAPOCOR announced in June 1988 its basic policy up to the year 2000

‘cdncernihg power deﬁelopmént plan for electric power systems (Table

3.2-3). We have forecasted electric power load up to the year 2000
using linear regression method based on the basic policy mentioned

above.

Load forecasting was carried out based on. the assumption that commer—
cial operation of Calaca II (300 MW), now under constructiom, will be

operated in 1992 as scheduled and that all of the plans shown in Table

-3.2-3 will be completed as planned. Even in this case, however,

electric power 9hpp1y will become short by about 42 GWh in 1993 and it
will be necessary In 1996 Lo construct new power sources with an out-

put of 713 GWh (equivaleat to 160 MW).

As stated in the construction schedule (Chapter 8), operation of this
project is exbected to be started around 1?96, but implementation of
the project should be started as soon as possible as a serious power
supply shortage is énticipated. Under these circumstances unit No. 2

should be started up with an interval of only half a year after unit

"No. 1.

Power system analysis was carried out based on the assumption that
electric power development up to 1996 is implemented as planned and
two 300 MW units are constructed at the Masinloc site. As a result of
this analysis, 600 MW can be transmitted by a transmission line now
Eeing considered by NAPOCOR, From the viewpoint of thermal capacity
of conductors of the transmission line, however, it is considered

advisable to provide more allowance in the conductors.



3.2 Powetr Load Forecasting
3.2.]1 Method for Power Load Forecasting

CGenerally speaking, strong correlations can be seen between the _
income level of users indicated in the form of GDP and the growth of
electric power demand. Load férecasting caﬂ_be'carried out based on

such correlations.

The growth trends of GDP and power demand between 1975 and 1983 can
be shown in straight lines as shown in'Fig. 3.2-1.

In view of such trends, load forecasting was performed using the

“1inear regression method which is well-known,

If relations between GDP and power demand can'be'expressed in a

“1inear form, the following formula can be established:
yi = a ¥.bxi + el

where, yi Power demand (GWh)
xi : GDP (Million Pesos)
a, b: Regression factors

el 'Deflection from regressian

How, if the fegression factors a and b are to be Ffound thtough the
least squares method so that ei will become small as a whole and

(yi - a - bxi1)% will be minimum;

b =S (xy) - (xi-x) (yi-y)
S (xx) © (xl - x)2
giyli - ( X)( yi)/n
x12 - ( xi)2/n

{n: the number of data)
a - ; - bx
The final formula will be ags follows:

y = a + bx



The basic data used to find regression factors a and b are shown in
Table 3.2~1. Namely, it is the data concerning GDP (on a 1972
basis) and ﬁower demand volume in the 14 years between 1975 and
1988.

The regression factors can be easily found through the use of a com-

‘puter, and the result is as follows:

-6,771
0.2124

n

Accordingly, the final regression formula is:
y = -6,771 + 0,2124x

Forecast load volume (GWh)
Forecast GDP value (Million Pesos)

where; y

X



3.2.2 Results of Load Forecasting

Results of load forecasting for the period from 1989 to 2000 are
shown in Fig. 3.2-2 and Table 3.2~2, and the power development plan
is indicated in Table 3.2~3.

The estimated GDP value.(x) employed for the calculation is one’
obtained when the growth of 6.5% was added to the actual GDP value
of 1987,

As can be secen in Table 3.2-3, shortage of supply is anticipated
after 1993 even if the power development program progresses as
planned. This being the case, new power facilities will be

required, The kW balance is shown in Fig.'3.243.
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Fig. 3.2-2 Luzon Grid Energy Balance (kWh Balance)
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Table 3.2-1 Base Data
(x 1) (y 1)
No. of GDP Energy Sales
Year 1972 Base
Data (Mi11ion Pesos) (GWh)
1 1975 68,437 8,032
2 1976 73,922 8,586
3 1977 78,467 9,812
4 © 1978 82,784 10,749 |
5 | 1979 87,962 11,045
6 1980 92,568 12,163
7| 181 96, 207 12,690
8 1982 98,999 13,125
o | - 1983 99,921 113,908
10 1934 93,927 13,245
1| . 1985 89,904 13,135
12 1986 91,287 13,461
13 1987 95,948 14,722
14 1988 102,200 16,078
Mean Value X = 89,466 T= 12,239
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3.3 Power System Analysis

3.3.1

3'3.2

Study Conditions

)

(2)

(3)

(4)

(5)

(6)

~The power system analysis (transient stability calculation, power
flow caléﬁlation)'of the TLuzon Grid was carried out under the

following conditiouns:

Stu&ied year: 1996

The data prepared by NAPOCOR was used councerning system con-
position and system impedance. The system composition and the

system impedance are indicated in Fig, 3.3-1.

The capacity of generators of this project was assumed to be
600 MW,

A new two—circuit 230 kV transmission line with total length of
129 km will be constructed between the project site and the

Hermosa Substation.

The fault point assumed for calculation of transient stablility
is the bus-line faults at the Botolan and Dolores Substations.
The kind of the faults was agsuned to be three-phase ground
fault (3LG-0).

No consideration was given to AVR of generators.

Study Results

(1)

(2)

Results of the power flow calculation (at peak-time) for the
peak in 1996 are shown in Fig. 3.3-2, but no problem can be
seen in the bus-line voltage and power flow in the tramsuission

line of each substation.

Since capacity of transmission line reaches the upper limit
when output of this project reaches 600 MW, addition of at

ieast one—-circuit transmission line will be required.

The atabiiity calculation results in the case that short cir-

cuit ratio of generators of thisg project which is assumed to be

3-1



(3

0.58 are shown in Fig. 3;3u3, and those when the ratio 1s

assumed to be 0,64 are shown in Fig. 3.3-4.

As a consequence, it can be safd that no pfoblem will arise in
terms of stability by using e{ther vatio, but the short clrecuit

ratio of 0.58 is considered rather better.

In the current study, AVR of the generators is not included.
However, all generators are provided with AVR. Such being the

case, stability will be further increased.

3~ 12
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4.1

CHAPTHER 4 SITE SELECTION STUDY

General

Many points must be considered in evaluating the suitability of each

site for a coal-fired power plant. These are the main items:

'1)

2)

3)
4)
5)

6)

Sufficient area should be available.

Good harbor is required for safe navigation and berthing of coal

vessels and ease in unloadipg cpal.

Area must be available for large~volume of ash disposal.
Frésh Wdter must.be available.

Area must have minimum environmental problems.

Power—consuming area must be as near as possible.

These items were examined in the first stage of evaluation of can-

‘didate sites, which led to a general conclusion with regard to the

three sités. After this evaluation, Masinloc site is recommended for

the study of the second stage.

(1)

Masinloc Site

i) The advantages of the Masinloc site is the availability of
suffiéient power plant area, good geologic condition, anmd
‘calmness of the harbor area. The largest problem is an
extensive coral reef, which might be an obstsdcle to the port

'plaﬁ.f Other problems include the avallability of fresh water
~ and the distance of transmission line; these are not,

' hqwevér;'critical to the feagibility of the project.



{(2)

2)

The chief problem in the port blan is that it is inevitable
that many winding sea channels will need to be planned. This

ralses such issues as the following:
i) Safe operation of vessels must be secured.

11) Sea casualty would until its'compiete settlemént

completeiy interrupt .coal delivery.

The following measures are 1ndispensable in'meéting these

. problems:

3)

San

1)

2)

a) Deployment of tugbcaté (of 2,000 PS class, about
three (3))

b) Providing sufficient navigation signale
¢} Preparing good sea channels
d) Assuring sufficient coal-storage capacity

The ash disposal system can be built either on land or
offshore. The site has sufficieht space for. future expan-—
sion, making the construction of a‘largeéscéle plant

feasible.
Juan Site

The obstacles.expected at this site were.availability of
fresh water and ash disposal area. Our site‘recqnnaiSSance
revealed that fresh water can be taken from the Maraquin Ilog
river 14 km away and that thergéological conditioﬁ has ade-
quate bearing strength o sﬁpport-the 1oad3 of power plant
facilities. Also, a_large—capaéity ash_dispoéal area seems
to be available on land, Thus, the only large problem ig the

port plan.

This candidate site faces a vast offshore area, which means _,.'
that even a weak wind of 5 to 8;m/s can cause ﬁigh waves if
it blows continuously. Also, this site is very likely to

have many'characteristic swells caused by typhoons and tropi-



cal low pressure. The building of a breakwater is thus

included in the project. MHowever, the construction of a
breakwater for large vessels at such a location will inevi-
tably increasé_the cost of the project. In conclusion, it is
impqrtaﬁt to pursue an economically favorable planning
through careful studies about related vessels and harbor

size, based on the data of winds and waves.

(3) Limay Site

(4)

B

2)

3)

The Limay site has éuffiqient area for a power plant. But
the most serious problem is lack of inland ash disposal area.

This necessitates the building of an ash disposal in offshore

-areas which will increase the construction cost. Such ash

dispoéal area would also spoil the scenic beauty of the area.

An oil-+fired thermal piant and an oil refinery are located in
this area. Té-meet environmental regulations and standards
with the planned quantity of emission, a coal-fired power
plant in this area should desirably have desulfurization

equipment}

The harbor conditions, however, are more favorable than at

the other two sites. Thus it is a good site for a thermal

-power plant. Its construction is highly feasible by careful

selection of fuel and development capacity.

Recommendation of Masinloc Site

The result of rbugh cost estimation of the three candidate sites

are shown in the following table in the form of comparison with

Masinloc site with in-land ash disposal system. The calculation

takes into account the difference only in characteristics and

"conditions of the sites.



{Unit: 1,000%)

Site Masinloe | San Juan Limay
In-land ash Base - Base (impossible)
disposal system | +23,200
Off-shore ash Base Base  Base
disposal system | +36,900 | +78,400 +41,000

The present study dealt with the feasibility of 2 x 300 MW coal-fired
power planté;' Though not satisfaétory {n every aspect, Masinloc is

the best site from an economic¢ point of view.

Thus we recommend it for the second-stage survey. At this site, which
is remote from the power consumption areas, a large-gcale development

should be pursued to achieve economic advantage.

The other two sites are also suited for power plant construction.
Further examinations on fuel, barbor, and environmental problems are
necessary for establishing power development plans suited for the

sites.



4,2 Evaluation of Candidate Sites

4.2.1

4.2.2

Candidate Sites

The site séleétion study for a poﬁer plant'iS'performed in two sta-
ges, First, the three candidate sites were evaluated for feasibi-
l1ity of construction of coal-fired power plants. Second, the
appropriate site for plant construction was selected on the basis of
evaluation Iin the first stage, fdllowed‘by preliminary planning of
power plant facilities.

The three candidate sites were confirmed in the Implementiﬁg
Arrangement agreed between JICA and NAPOCOR in November 1988. The

sites are as follows:

Sites for Study and Their Locations

Site A: Masinloc, Zambales
8ite B: San Juan, Batangas

Site C: - Limay, Bataan

Evaluatioﬁ.Criferia

Numerous evaluation criteria must be considered when studying feasi-
bility of power plant comstruction at a selected site. The plan of
devélopment sulted to each site must also he examined. The plant
size (2 x'BOOiﬁw)land-fhe kind of fuel (coal) have already been
decided. 'Therefére;.candidate sités should be evaluated for feasi-
bility using the following 12 criteria. None of these sites
however, seems to satisfy all of the criteria at once. Therefore,
the final conclﬁsioﬁ must be made by asaessing how each problem can
be technically solved and at what cost. The construction cést was
estimated for each major criteria as follows, in a comparative way

for each site.

(1) Accéssibilityfﬁo piant site.

(2) Suitable topographical and geological conditions.



4.2.3

(3

(4)

(5)

(6)

(7).

(8)

(9

(10)

(11)

(12)

Availability of suffictent areas for power plant; coal storage

and ash disposal.
Availability of room for future expahsion.

Good harbor for safe accommodation of coal vessels and easy

unloading.

Stable availability of sufficient condenser cooling water and

no recirculation problems of thermal effluent.

Availability of good-quality and abundant fresh water in the

vicinity of the plant site.

Aﬁailabilit} of electric power for construction works.
Capability to unload and transport heavy'ﬁachiﬁes.
Availabilicy of éonstruction maﬁerials and‘aggregate.
Closeness to power consumption areas.

Little environmental impact on the environment caused by plant

construction.

Method .of Evaluation

To evaluate the feasibility of the selected plant sites by the same

standards, major fégtors,were selected, as follows, through

discussions with NAPOCOR.

(1)

(2)

(3

Size of plant : C 2 x 300 MW
Maximum size of coal vessels 60,000 DWT
Quality of fuel

An indigenous coal (Semirara ROM:Coal) was used_aslthe ten—
tative fuel for evaluation. Its broperties are as follows:
Heating value (Hh) ¢ 3,760 kCal/kg (6,770 Btu/1b)
Surface molsture (Wl) ¢ l7.6Z'(As-received basis)*l



(4)

(5

(6)
(7

Note

Inherent molsture {W2) : 15.1% (Air-dried basls)*2
Total moisture () : 30.0%

‘Ash content (As) ' : 15.0%

-Annual average heat rate( p): 9,500 Btu/kWh ( p = 36%)

{at generating eund)

Annual plant factor ' i 70%

Maximum coal storage . : 500,000 tons™3
.Capacity - : (Gorresponds to 45 days)
Ash'&isposal cépacity o 13,000,000 11:3"”l

(Cbrresponds to 30 years)

*] and %2: Surface and inherent moisture content were esti-
mated from "As received" and "Air dried" data in

CALACA II FS Report.

*3: Maximum coal storage capacity is 300,000 tons

at second stage study.

~%*4:  Ash disposai capacity is 6,200,000 n3 at second
stage study.

4,24 Hasinloc, Zambales (Site - A)

(D

(2)

Location
The site is located at Barangay Bani, Masinloc, Zambales,
about 250 km northwest of Manila.

Access road

The gite 'is linked to a national road by a provincial road
apprbximatély‘Z;B km long, which-is rugged and needs widening
and pavement for transporting construction machines and

materials.



(3

(4)

(3)

‘Topography and geology

There are'gently'éioping hills in the northwest of the site,
with rice paddies along the shore line. There is a large
flatland on the side of the Lawis river. The off~shore area

slopes gently and the shallow area have much coral reefs.

The geology argund the site is compoéed.of an alternation of
sandstone and shale, which are parts of the Zémbales for-
mation. The lowland is covered with thin alluvium. The
shallow seabed probably consists of bedrock covered with reef
1imestone. VIhg bedroék provides sufficient bearing strength

for a power plant.
Required plant area

The required plant area (26 ha) can be obtained by excavating
a part of a hill and by reclaiming land In the off-shore area

with the excavated soill.:

(Note: The required plant area has been examined at the

second stage study.)
Approach channel and port facilities
1) Location of unloading jetty

The unloading jetty should be built 700 m off Oyon Bay to
provide sufficient turning basin (15 m deep) for 60,000

DWT coal vessels and to minimize the length of coal con=

veyer.
2) Approach channel

Coal vessel has.to travel 5.5 km,fhrbugh:coral reefl area-
from the bay mouth,to_theuunloading jetty. Thg vessel has
to.sharply change direction three times., Thus, the '
following meésures are necessaryrfor the_safe-ﬁavigation

of large vessels to the berth:

i) The long approach channel with many curves requires

approximately 1.5 L_(L: overall length of veséél)

4 -8



6

(7

3)

4)

2)

route width and a gea depth of more than 16.5 m,

thus necgssitating several dredging operations.
ii) Deployment of tugboats.
i1i) Highly experienced pilots.
iv) Provision of navigatioﬁ aids.
Turning basin

A turning basin of 2 L in diameter and 15 m.deep can be

obtained with some dredging.
Breakwater

Because of the small size of Oyon Bay's port area, wind.
waves are not significant.  Also, waves caused by
southwest/west wind from the South China Sea is partially
attenuated by the shoals. Thus, the sea surface in the

béy is sufficiently calm, requiring noc breakwaters.

Condenser cooling water

tﬁtéke'

" Condenser cooling water can be taken from a deep position

at the mouth of Oyon Bay. This design provides water

" intake in stable amounts without temperature rise.

Water discharge

Condenser cooiing_water is discharged into the west side
of the coral reef shoals to prevent the possible warming

effects of water intake.

Ash disposal area

Either bf the following options for ash disposal can be used

for about 30 yéans. The selection should be made only after

considering construction cost, ash disposal cost and compen-—

_ sation_cqst.



(8)

(9

1)

2)

In-land ash disposal

A vice field on the north side of the piant cau be used..

The required area is 152 ha,

{Note: The requiréd area has been estimated as 73 ha at

the second stage study.)
Offshore ash disposal

An ash disposal area can be built in Oyon Bay, on the west
side of the plant. The required area is 132 ha.

Fresh Water

0f the two possible-fresh water sources ~ the Lawis river

(pipeline length of & km) on the ‘east of plant site and the

Masinloc river on the south'(piﬁeline length of 10 km) - the

latter is recommended for the following reagous:

1)

2)

Because of the wide riverbed of_the-Lawis river, 1ts flow
channel is likely teo vary sigﬁificantly between the dry
season and rainy season. Therefore, building'intake'féci-
lities that would ensure stable supply of freéh water
would. be expensive. On the other hand, the-Masinloc river

is narrow and intake facilities can be readily built.

The Lawis river ﬁaslthe tho'cﬁromité miﬁé'uﬁstream,'wﬁich
may cause water poilutioﬁ. Our water anélysié did not
indicate pollution, but a long-term examination.woﬁld be
needed for confirmation. Thus, the Lawis river is ﬁot

reconuended for our present purpose.

Electricity for Construction

There is a 6% kV transmission line for the Acoje mine, passing.

approximately 5 km away'from the site. Power can be tapped

ffom this line.

4~ 10



(10) -

Unloading facilities for construction materials

The existing port was investigated for this purﬁosea The

problems found were:

1) It belongs to a priﬁate corporation,

.©.2) . The wharf has to be improved..

~3) It is 6 km away from the site and the road needs to be

-upgfaded.

“Thus, it‘is reconmended to build new unloading facilities in

(11)

(12}

(13)

the'vicinity of the plant site.

Transmission line

Generated ppﬁef'will'be'transmitted to Hermosa $/S via Botolan
5/5. A new_tranSmission'line can be built from Masinloc to

Hermosa S/S (129 km long).

Environmental protection and compensations

Since there is no other industry in the ‘area, a thermal power

plént seems unlikely to cauyse any environmental problems. The

- plant site, however, must be obtained through conversion of

rice field and fruic férms, which may regulre.compensation.
PbtéﬁtialitY'for future expansion

The ash disposal area has a large capacity as stated above (7)
and the.blant site can be readily expanded. Also, the calm
harbor has a potential for larger capacity of coal unloading.

Thus; the site can accommodate two more generator units.
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4.2.5 8an Juan, Batangas (Site B)

(1

(2)

(3)

(&)

(5)

Location .

The éite is located éi Barangay Subukin and Nagsaulay, San

Juan, Batangas, about 140 kﬁ sbuthwest of Manila.
Access road

The site is linked to San Juan by a national road approxima-
tely 12 km long, which is rugged and needs widening and paving

for transporting construction machines and materials.
Topography and geology

The land of the site area is nearly flat and gently sloped
ﬁoward’the shoreline, the eievation changing from about 15 m
to 5 m. There are much coral reefs exten&ing to about 400 m
offshore. The shoreline is covered with reef limestone more
thaﬁ 3 m thick, which is also distributed.widely to the plant
sité. The reef limestone covers the taal tuff in varying and
unknowa thiéknesses. There is scme question as to whether the
reef limestone has sufficient bearing strength to stably sup-

port péwer plant facilities.
Required plant area

The required plant area (26 ha) can be obtained by leveling
the palm forest behind Subukin peint.

Approach channel and harbor facilities
1) Loecation of unloading jetty

The unloading jetty should be bﬁilt.approximately 1.2 km

off the coast of Subukin point, which is located on the

west of Tayabas Bay, to provide sufficient turning basin
-'for_G0,000'DWT;coaI vessels. 7
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2)

3)

4)

Approach channel

Tayabas Bay is a large body of water with sufficlent width
and depth of approach channels. With some improvement by
navigation aids, large coal vessels can readily be accon-

modated.

Turning basin

A turning basin can be built in front of the unloading

berth.

Breakwater

This candidate site faces a vast offsﬁore area. This

means that evea an ordinary wind of 5 - B m/s can cause
high waves if it blows cbﬁtinﬁousiy. Aiso, this site is
likely to have many characteristic swells caused by
typhpons'and tropical loﬁ'pressufe. Building-of a break-

water is included in the project, because the calmness in

the port is considered to be secured.

The construction of breakwater for large vessels at such a

location will inevitably increase.the cost of the project.

(6) Condenser cooling water

1)

2)

Intake

Condenser éooling water is taken from a deep position on
the east side of the site. This design provides water

intake in stable amounts without temperature rise.

Water discharge

Condenser cboling water 18 discharged at the shore on the
east of the plant site. Thé effects of thermal effluent
is not likely to become significant, since Tayabas Bay is

open to the outside,
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(7)

(8)

()

(10)

Ash disposal area

Either of the following options for ash disposal can be used
for about 30 years. The more economical option should there-

fore be chosen,
. _
1) In-land ash disposal

The site i3 surrdﬁnded by é gentle hill area, which has no
' large.flat land suited for in-land ash disposal. There is
a coconut farm.at Calubucub, about 5 km north of the site,
and another coconut farm and a swampland at Bataan, abhout
4 km south of the site, both of which are suited for ash
_ disposal. Thesg areas are 148 ha and 250 ha, respec—

tively.
2) Offshore ash disposal

An ash disposal area can be built on the south shoreline
of the site, with the construction of revetment. The area
is 151 ha, This option requires changing the course of a

small river.
Fresh Water

Our water analysis indicated contamination of underground
water around the site with seawater. Thereforé, it is recom-
mended to take fresh water from the Malaquing Ilog Tiver on

the north of the site, through a pipeline (14 km).
Elecfricity for Construction

A 69 kV transmission line from Batangas S/S can be tapped, by

building a branch transmission line to the site.
Unloading facilities for construction materials

There are no éxisting unloading facilities in the vicinity of
the site.- New unloading faecilities must be built in the area
of the plant site.

4 -19



(11)

(12}

(13)

Transmnission line

The transmigsion line from San Juan to Bataﬁgas 8/8 will be
48 km long, and its route is occupied mostly by private houses
or cultivated lands. There is enough space in Batangas §/S

for additional switching facilities.
Environmental protection and compensation

The power plant area must be obtained through conversion of

coconut: farm, which may require compensation,
Potential for future expansion

In tetms of the space of site area, sdpply'df fresh water, and
ash disposal capacity, the site can accommodate up to four
generator units. In that case, however, the calmness of the

port area should be examined more precisely.
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4,2,6 Timay, Bataan (Site - C)

(1)

(2)

_'(3')_'

)

(5)

TLocation

The site is located at Barangay Luz, Limay, Bataan, 130 km

west of Manila.

Acéess Road

The site is linked to a national road by a provincial asphalt

road approximately 250 m long.

'fopogréphy and geology

The site iz located on the east side of Mt. Mariveles, facing
Manila Bay. The area has been partly leveled to 12 m above

sea level. The seashore slope is gehtle, with no coral reefs.

' The baserock of the area maiﬁly'éonsists of tuff and tuff

breccid. This rock provides sufficient bearing strength for a
power plant. There is some fill material mainly.éoutaining
clay and gravel, in the central part of the site. The sea
area congists of soft alluvium, 5 to 10 m thick, based on

fefinery data.
Required plant area

The required plant area can be obtained by leveling the former
estate of the National Steel Corpbration. To accommodate 2 x
300 MW facilities, however, the aquisition of additional area
and a partial change in the. route of the access road for

Bataan thermal P/S may be required.

Approach channel and port facilities

- 1) ‘Location:of unloading jetty

. The unloading jetty should be built 1.3 km off Quitang
point, to provide sufficient turning basin for 60,000 DWT

coal vessels,
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(6)

2)

K3

Approach channel

It is 30 km between the mouth of Manila Bay and the
unloading berth. There is no difficulty in approach chan-
nel, depth, turning basin and others. Tnstallation of
unloading berth and navigation signéié,'however, must be
done with care in conslderation of existing tanker-mooring

facilities.

Breakwater

Judging from wave conditions in Manilé bay and effective
attenuation of waves from the South China Sea by Bataan

Peninsula, there is no need for breakwaters.

Condenser cooling water

There is already a thermal power plant of 225 MW in this area.

Thermal effluent from this plant must be carefully taken into

account,.

1

2)

3)

Intake

Condenser cooling water is taken from. a deep position at
about 1 km offshore of Bataan Thermal Power Station.
Water must be taken from as deep as possible to avoid the

possible influence of thermal effluent.

Hater discharge

Condenser;cooling water is.discharged into the sea on the

south side of the site.
Countermeasures for thermal effluent -

The shore prdtectioﬁ ﬁorks for .ash disposal'may>cause

stagnation of thermal effluent from the existing. power

'plant. This 1s likely to result in the pfoblem of recir-

culation of thermal effluent in the existing power plan:,
unless the new water intake site is_Changed; This pfobiem
needs to be closely examined in the course of construction

of a coal power plant in this area.
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(7

(8)

(9)

(10)

(11)

(125 

Ash’disposal area

Thirty years offshore ash disposal is possible 1f a disposal

gite is bullt with a revetment on the east of the plant site

and its area 1s about 106 ha. In—-land ash disposdl ‘is not

feasible at this site for the following reasons:

1) A candidate site for in-land diSposal downstream of the
x Alangan river is small in capacity (1.5 million m3,

- corresponding to 3.5 years of operation) and reqiires

. changing the course of the Alangan river and purchasing a

shrimp farm and rice field.

2) The surrounding area is mostly hills, offering no suitable

site for a large-capacity ash disposal arera.
Fresh Water

Fresh water can be taken from the Alangan river, on the south

side of the site, by building a pipeline about 1.3 km long.
Electricity for comstruction

Power can be tapped from a spare metalclad switch gear

(4.16 kV) of Bataan thermal power plant adjacent to the site.
Unloading facilities for construction materials

The existing pier in the site is available for this purpose

but requires some repairs.
Transmission line

The generated power will be transmitted to Hermosa $/5. The
transmission line from Limay to Hermosa 1s approximately 43 knm

long.

Environmental protection and compensation

Because of the infuences from the existing o0il thermal power

plant, gas turbine plant and other manufacturing plants in the

neighborhood, there seems to be little margin to be within the
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(13)

level of atmospheric S02 under NPCC regulation (850 g/écm).
This situation nacegsltates installation of environmental pro-

tection Ffacilities.

Potential for future expansion

Because of environmental factors, avéiiébility of ffesh water
and ash disposal capaclty, the potential for expansion is very
little. ¥For these reasons, the understanding of inhabi-

tants is indispensable for the construction of a 2 x 300 MY

- power plant.
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4.2.7 Evaluation on Enviroament

Environmental evaluation of the three sites —— Masinloc, San Juan
land Limay -~ was carried cut taking into account the investigation
results of NAPOCOR. As for Masinloc site and San Juan site, there
are no problems requiring attention since there are no industrial
zones nearby. After selection of the site, harmony with the present

natural condition will be considered.

The surroundings around the Limay site have already become an
industrial area. Adjacent to the area, a thermal power plant and an

0ll refinery are in operation,

For this reason, the problem of air pollution at the Limay site has
been studied in case two new thermal plants of 300 MW each be

constructed there,

As 3 result of diffusion calculétipn of 80x in relation to the
tolerance for the limit value set by NPCC (National Pollution
Control Commission), it is desirable that flue—-gas desulfurization
facilities should be installed in order to reduce 30x as shown in
Table 4.2-1 "Results of Diffusion Predictive Calculation (Limay
Site)'.
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Table 4.2-1

Results of Diffusion Predictive Calculation (Limay Site)

Calcutation formula

Meteorologlical conditions

Smoke source

Calculation results

Evaluation

Ma no al

Bosanquet-Sutton

Power plant

Coal, 1st and 2nd units
(without fiue gas desul-

- furation equipment)
Heavy 011, lst and 2nd units

Gas turbines, 1st-4th units

If ground-level concentrations of all
smoke sources of the power plant are
simply added, the maximum ground-Tevel
concentration will be about 0.144 ppm
{hourly value)} and 0.085 ppm (daily
avarage value).

It represents about 50% and 60%, respectively,
of ambient 1imits of the National Pollution
Control Commission (NPCC) 0.3 ppm (hourly va-
Tue and 0.14 ppm (daily average value),

- Short-term diffusion caleculation

Bosanquet-Sutton

Wind speed 5 m/s
Stability of

atmosphere D %
Temperature 28 ©
Wind speed 5 m/s
Stability of

atmosphere D 3%
Temperature 15 ¢

Wind direction voluntary

Power plant

The maximum ground level concentration
will be 0.718 ppm (3 minute value).

If the figure is multiplied by 0.15, the coef
ficient for time dilution from the 3-minute
value to the hourly valve, 0.718 ppm x 0.15
= 0,11 ppm, will result, representing about
40% of the ambient 1imit of NPCC.

Power plant + Refinery

The maximum ground level concentration
will be 1.70 ppm (3 minute value}.

If multiplied by 0.15, the coefficient for time
dilution from the 3 minute value to the hourly
value, 1.70 ppmx 0.15 = 0.26 ppm will result,
representing about 85% of NPCC's ambient
limit.

long-tere #iffusien caleul ation

Persenal computer

(Plume rise formula)
Moses, Carson, Concawe,
Briggs

(Diffusion formula)
Plume, Puff

Annual meteofo1ogica}
data for NPC Napot site

Power plant

Maximum ground level concentration will
be 0.018 ppm.

If the utilization facior of the power plant
is assumed to be 70 %, 0.018 ppm x 0.7 =
0.013 ppm will result.

Power piént 4 Refinery

Haximum ground*]eve! concentration will
be 0.029.

If the utilization factor of both the power
plant and the refinery is assumed to be 70 ¥,
0.029 x 0.7 = 0.020 wili resuit.

% Meteorological Conditions Defining Pasquil Turbulence Types D (Neutral Conditions)
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4.3 Selection of Optimal Site

- 4.3.1

Items for Comparison

In order to select the most appropriate site, the Specification is

determined for {tems which are caused by the difference in the spe-

cific feature of site and the construction cost is estimated based

on -the .number of work iltems. Detalls are as follows:
_(1) _Acceéé road

Width expansion and pavement work costs for the road to be

constructed from the main national road to the site.
{2) " Réclamation of plant avea

-Excavation, banking and dike embankment work costs to reclaim

-the power station and coal storage yard.

(3) Port and unloading-facilities

1) Construction cost for 60,000 DWT class unloading jetty

The construction cost for unlcading jetty differs between

rthe gites dépen&ing on their gedidgié conditions.
2) Construction cost for offshore conveyer

The difference in conveyer length and in foundation costs

are taken inte account.

3) Dredging cost for approach channel (specific to Masinloc
site)

4) Breakwater construction cost (gpecific to San Juan site)

;*(4}E:C6nden3er"cooling‘wafer'eQUiment

1) Difference'afising from difference in the gsea depth ét

water intake
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2} Construction costs for cooling water intake, pipes

and discharge channel
(5) Ash Disposal Area

1) TFor inland ash disposal area, the cohstruction costs are
calculated based on costs that arise from differences in
structure and length of embankment work, and the amount of
overburden. The road for truck transport of dry ash, cost
for dumptrucks, bulldozers, flyash siles aﬂd.difféfences ‘
in distance from power plant to ash disposal are also con—

sidered.

2) TFor offshore ash disposal, the construction costs are
calculated based on costs that ariserfrdm differences in
‘the length of revetment and the volume of overburden. .The
costs for slurry transport facilities and'flyasﬁ siios are
included. Differences in distanca from power plant to ash

disposal are also considered.
(6) Fresh water

'Included as construction costs are those that arise from dif-

ferences in the structure of fresh water intake and the length

of pipelines.__
(7) Belt conveyer

The construction costs are thoée that arise ffam differences
in length of inland belt conveyer and in structures of foun-

dations.
(8) ,Foundatioﬁs

The construction costs are those that arise from. diffefénces
in depth of bedrock and foundation of main buildings Such as

‘power house and stack.
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{9).

(10)

()

_am”

-Lighters,'wherry for: construction

The construction costs of quay for unloading construction

machinery and access road to plaunt site are included.

Temporary transmission line

The construction costs include those that arise from differen-—

ces in length of temporary transmission lines to power plant.

Transmission line

The construction costs include those that arise.from differen-
ces in length of transmission line from power plant to nelghu

boring substatlons.

Hiscellsneous

"An embankment for offshore ash dispossl area is to be built in

Limay site. Because this might cause recirculation of thermal
gfflﬁen; from Bataan thermal power plant,rthe cost for exten-—
sion of existing Hater‘intake pipeline is included. The cost

for partial ré~routing'of the access reoad of Bataan power

 p1ant i{s included.

4.,3.2- Conditions of Approximate Calculation of Comstruction Cost

)y

2)

©)
1 us dollar equal to 20. 75 pesos and 132 yen. (This rate is

 (@"

Ohly direct coﬂstfuction sost is included.

The-cost for Masinloc site is presénted as the base for com—-

parison. The differences from this value are shown for the

.other sites. .-

The cost is shown in US dollars. The exchange rates are:

'appl{ed for site comparison study only. )

Base priées were taken from 1989 Price Level" and "Batangas

Coal-Fired Thermal Power Plant 1981 Price Level', which were

'.received from NAPOCOR in Harch, 1989. Influence of escalation

was -also. included..: S
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Table 4.3-1 shows the comparison of approximate construction

costs baged on the above mentloned 1tems and calculation con—

ditions.

4.3.3 Regult of Site Selection

Major factors for economic feasibility of three sites are dre&ging

of sea channel,

area.

()

(2}

(3)

Limay slte necessitates an offshore ash disposal.

Characteristic features of three sites are as follows:

This makes

‘the site less advantageous compared to the other two sites.

It also has problems of air pollution and thermal effluent. .

San Juan site is economically inferior to Masinloc site
because it needs a breakwater for securing calmness of port,
and long offshore belt conveyers and_wateg'1n;ake/discharge

pipelines.

The site is inferior to Masinloa site with regard to construc-—

'tion and maintenance works for port facilities.

Masiﬁloc site has the following advantagec:

1), The gite is most eéonomically favorable in spite of costs

which are rather high for dredging and transmissipn line.

‘ 2)' An area for inland ash disposal is available clooe to the

plant site.

3} Bedrock is near to the ground surface compared to the
other sites, thus making the foundation cbsts'somewhgt-
lower than for others. It also has thé‘éhoftest'offshoré

conveyer and water intake/discharge pipelines.

4) It has room for future'expansion with.potential ésh dispd—
sal area both inland and offshore. _Tﬁérpiaﬁt can be
easily expanded. o o '

On the other hand, this_site has-the'dié#dvénﬁage of having

long and winding sea channels. This necessitates improvements

b~ b

construction of breakwater and offshore ash disposal



in approach channel, deployment of tubgoats and highly
experienced pilots. It is thus _needed‘ to sound the approaéh
channel to prepare a more detailed harbor scheme in the next .

stage.

| Consequently, the conclusion is that Masinloc is the most

favorable site{
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CHAPTER 5 SELECTION AND PROCUREMENT STUDY OF COAL

5.} General

(1)

Some Quantitative Issues on the Indigenous Coal

Demand and supply forecast'bf_indigenous coal was examined based
on the thermal power development .plan in the Luzon grid which was

stated in the Chapter 3. The results show that:

i) After checking_the balance of demand and supply of indige-
nous c¢oal in the Philippines, the selffsufficiency ratio of
indigenous coal is assumed at 677 in 1993,'79% in 1995 and
less than 40% after 1997,

ii) Any other coal resourceé for_Zambalés project could not be

found except the Semirara coal at this moment.

iii) The self—suffiéiency ratio will be maintained at approximately

50% until the commissioning of this project.

The above mentioned circuﬁétéhces show that the plan of thermal

power plants to use only indigenous coal is not realistic.
Quality Issues on the Indigenous Coal

NAPOCOR requested the study on the boller which could burn both
100% indigenous and 100% overseas coal. The results of the study

haséd_on'the.Semirara Coal and Lemington Coal show that such kind

. of boiler is not realistic to burn both coal satisfactorily -from
a techpical and an economical view point. The reasons are as

:foliows:

;i)'rIn case of exclusively u51ng only 1nd1gen0Ls coal in the
boiler that is d251gned based on hlgh bituminous coal, the
boiler will not be able to attaln the rated output due to

'.some troubles such as slagging of furnace, contamination of

 heat transfer surface, lacking of pulverlzer capacity,

' decline of inlet temperature of pulverlzer, eté. The maxi-
num output would be decreased to about 75% of the rated

capacity. -



(3>

(5

it}
" "designed based on lignitic coal exclusively, the boller

i11)

In case of using only imported coal in the boiler that is

will not be able to attain the rated ocutput due to the

following reasons:

- decline of main stean temperature and reheat steam tem-

perature by tens degrees Celsius.

© = inability to use the pulverizer properly.

The characteristic data of Semirara Coal provided by

' NAPOCOR have a very wide range of values. Using these data

as design basis would result to an un—economical and over-

designed steam generating facilities., Therefore, to pre-

~ vent such matters, analytical data of coal should be

obtained from the analyses of various coal sample data

taken from different area within the mines.

Selection of Design Coal

By congidering aveilability-of'indigenous”cOai and effectivenees

of boiler design, 50/50 blend1ng of 1nd1genous and overseas coals

for this project should be recommendable.

Australian Lemington coal as overseas coal and Semirara's

Himalian coal as indigenous one are adopted as the design coal.

i)

Procurement Strategy of Overseas Coal

‘Coal consumption in the Philippines wee“epprXiMately 2.48

million tons in 1988, Preduction'df“indigenous coal, on

the other hand, ﬁas only about 1.34 million tohs. NAPOCOR
plaﬁs to develop 3,200 MW ofecoel-fired plants.in toﬁal up
to 2000, The self*sufticiency ratio of ind1genous coal is
pro;ected to decline under 40/ after 1997._ Therefore, the

_deflciency must be procured Wlth overseas coal, The annual

import w111 reach about 1 3 milllon tons until 1997 and 9
million tons in 2000n Based on these circumstances, ‘the
most important factors in establishing a procurement stra

tagy are: -



5,2

11)

. Security and reliability
« Flexibility

« Economy

~ In the procurement: of overseas coal it is recommended to

have some long~term contract with a spot purchase contract

as supplement. The sourée of overseas coal should be

diversified to meet the actual demand.,

The procurement of 1arge-am0unts of coal necessitates care-
ful research on coal market, maritime market, etc., which

will help in the establishment of the appropriate procure-

,ment-plaq_for a consumer. For achieving this purpose,

setting up of the fuel unit in NAPOCOR, as soon as
possible, is indispensable.

‘]_?em{:lnﬂ and” Supply of Indigenous Coal

JICA conducted a master plan survey in 1988 on the coal industry of
the'Philiﬁpinés.x The demand and supply of indigenoué coal was exa-
mined based on this study report. The méjor pbint of the present
~report is an examination of the production system of each coal mine,
référring to the OEA supply forecast, and an estimation of supply in
the year 2000, based on former results. Tt therefore seems to provide

practical figures of forecast.

5.2.1 Supply Forecast

(1) Projection of Long-térm Production by OEA

In'Febiuary 1988 OFA published a projection of coal supply up

to the year. 2000.

The réboft forecast the production of 2.0 million toms at the

Iguig mine and 2 million at the Isabela mine, both in northern

LuZon-island.: The production in the Semirara mine is fore-

casted_td be 3.0 million tousCin 1995 and 3.6 million tons in
2000, :



Coal

Supply Forecast (1988 to 2000)

. {Unit: 163 ton).

Actual Forecast
80 83 87 88 93 95 | 2000
{Run of Mine Basis) ¥ . Do : :
Semirara 33 326 59% 8751 2,000 3,000 3,600
PNOG Areas 42 275 204 310 350 3501 350
Cebu 201 323 | 1,226 374} - 654 8041 1,104
Batan 12 34 55 _
Others 41 62 89 284 681 982 | 5,322
Total: 3291 1,020} 1,169 1,843 3,658} 5,136 | 10,376
(10,000 Btu Basis) . - S _
Semirara B, 429 630 | 1,440 | 2,160 2,592
PNOC Areas 210 353 402 402 402
Cebu ' 233 3741 654 8251 1,132
Batan 52 75| 1420, 142 142
Others 88 164 464 719 2,800
Total 1,612} 1,596 [ 3,102 | 4,248} 7,068
Source: OEA, Feb. 1988
(2): The Report on Master Plan Survey-for_Coal Miniﬁg:?echnglogy

Developménifby‘JICA

~ The report of August 1988 by the JICA Study Mission corrected

the previous forecast to smalléer figurés,:prbviding'a more

realistie forecast, shown below.

Basic Concept of Supply Forecast by JICA (Aug., 1988)

(Unitﬁ 103 ton)

88 93 95 | 2000.

(Run of Mine Basis) - = N
u/G 607 915 | 1,107 | 1,782

/¢ 615 | 1,230 | 1,845 | 1,845

Total 1,222 | 2,145 | 2,952 | 3,627
(10,000 Btu Basis) R ol IR S
v/G 607. | 915 | 1,107 | 1,782

o/c 461 923 | 1,384 | 1,384

Total - 1,068 11,838 2,491} 3,166




(3)

This forecast expected the producticn by undevground mines to
increase by 10% each year and that the increase in production by
open cut ninés would be derived from Semirara mine. The
resultiné‘figures were made more realistic. The production at

théfnorﬁhéfn'hh?on mine would be added to the figure in case

production was commissioned.

.Recent Forecast of Coal Supply

In early 1989, the OEA prepared a medium~term schedule covering

 the next five years, the sum total of forecasted productions

‘for each mine was estimated as 2,996,000 tons for the year

1993. When based on coal production in 1988, this figure
corresponds to an average annual growth of 10.5% for mines

besides Semirara., This rate is very close to JICA's projec—

C tiono

Therefore, 10% of annual growth rate was adopted as a basic
~assumption, and the contribution of newly developed large scale

mines ##s_added-to the coal supply forecast. With regard to

the newly developed mines, production at the Semirara nmine,

_PNOC Lalat mine, and PNOC Bislig IIT mine, all being natlomal

minés,—wasfforecasted. The contribution of developments at
other private mines was included in the 10% growth. The sum—

mary is glven below.

Semirara New Mine

Attached Appendix should be referred.

PNOC~CC's Lélat"Miné'(Zamboanga, Mindanao Island)

The minable quanfity is 11 million tons and the'planned annual
production 1is 300,000 t/y (as clean coal). New mines are deve-

loped accoﬁding-to demand. The proper level of production

would be approximately 200,000 t/v.



. Bislig Mine, District No. 3 (Bislig, Mindanao Island).

" The minable reserve is about 24 million tons. The éelécted

clean coal has 15% moisture content, 5 to 9.5% ash pdntent and
10,000 ~ 10,700 Btu/lb heating value._gThelcdmmission}ng of
production for the Mindanao Thermal Power Plant is scheduled

for 1999.
Coal Supply Forecast
L : - (Unit: 103 ton)
1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
ROM Basis
Semirara(U) 670 700 700 700 700 700-°700 700 700 700 700 700 700
" (others) 900 1200 1200 1200 1200 1200 1200 1200 1200 |
PNOC Lalat 100 150 200 200 200 200 200 200
Bislig III N | T 150 250
Others 666 733 806 886 975 1073 1180 1298 1428 1570 1727 1900 2090
Total | 1336 1433 1506 1586 2575 3073 3230 3398 3528 3670 3827 4150 4440
1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
10,000 Btu
Basls : . G ; .
Semirara(U) 583 609 609 609 609 609 609 609 609 609 609 609 609
" (others) 648 864 864 864 864 864 B64 864 864
PNOC Lalat © 105 158 210 210 210 210 210 210
Bislig IT1 | 131 218
Others 666 733. 806 886 975 1073 1180 1298 1428 1570 1727 1900 2090
Total | 1249 1342 1495 2232 2651 2811 2981 3111 3253 3410 3714 3991
* Remark: Semirara (U) means Unoﬁg nine,
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