~. | No, 15

THE REPUBLIC OF THE PHILIPPINES

FEASIBILITY STUDY
~ ON
COAL-FIRED THERMAL ELECTRIC POWER
DEVELOPMENT PROJECT
IN
LUZON ISLAND

" MARCH 1990

JAPAN INTERNATIONAL COOPERATION AGENCY

M PN
C R (3)
90 -~ 19




THE REPUBLIC OF THE PHILIPPINES

FEASIBILITY STUDY
| | ON |
COAL-FIRED THERMAL ELECTRIC POWER
DEVELOPMENT PROJECT
iN | o
LUZON ISLAND

- JIN LisraRY -

l!ﬁ@iﬁﬁﬁﬂﬁﬁlﬁ

: 1081163!6} .

2096%

MARCH 1990 -

JAPAN INTERNATIONAL COOPERATION AGENCY



" e/



PREFACE

In response to a request from the Government of the Republic of the
Philippines, the Governmment of Japan decided to conduct a feasibility
study on Coal-Fired Thermal Electric Power Development Project in
Luzon Island and  entrusted the study to the Japan International

Cooperation Agency (JICA).

JICA sent to the Philippines a study team headed by Mr. Hiroshi Isaka,
Advisor to Director of Thermal Power Department, Electric Power

Development Co., Ltd. from March 1989 to February 1990.

The team held discussions on the Study with the officials concerned of
the Government of the Philippines and conducted field surveys in the
relevant areas in Luzon Island, After the team returned to Japan,

further studies were made and the present report was prepared.

I hope that this report will contribute to the development of the pro-
ject and to the promotion of friendly relations between our two

countries.

1 wish to express my sincere appreciation to the officials concerned
of the Government of the Philippines for their close cooperation

extended to the team.

March 1990

e

Kensuke Yanagiya
President
Japan International Cooperation Agency
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ABBREVIATIONS

- AD ‘ 1 Air Dried Basis -

AFT :  Ash Fusion Temperabure

AH : Air Pre-heater _

AN : : 'Natural Alr Cool

APT " : American Petroleum Institute
AR : As Recelived Basis

ARCO : Atlantic Rieh Field Company
AVR : ’ : - Automatic Voltage Regulator .
"B 1 Breadth ' :
B/A | . Base Acid Ratio -

BOO : Build, Own and Operate

' BOD '~ : Biochemiecal Oiygénbbemand
BOT \ 't Build, Operte and Transfer

BP i : British Petroleum

cap. - : Capacity

CCA ' : Coal Counecil of Adv1ser

CB . Cireuit Breaker

CIF .. . _: Cost, Insurance and Freight
COA : Contract of Affreighpment

cop S ¢ Chemical Oxygen Demand

CPI :  Corrugated Plate Interceptor-
CRA- : Con-zine Rio Tinte of Australia’
5] o g Conventional Substation

cW . :  Circulating Water

CWP : Cireulating Water Puip

D : | : Diameter -

DC - ¢ Direet Current

b _ : Detail Design
pH " : Drill Hole

DL , , : Datum Level

DSL S : Diesel

Dyt : Dead YHeight Ton

B - o : East C

ECR ¢ Economical Contlnuous Ratlng
EIRR . : Economic Internal Rate of Return
_EMD : - Environmental Management Department
EQ : Executive Order
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EPA : Environmental Protection Agency

EPDC v Electric Power Development Company
.ERB - "t - Energy Regulatory Board

ESP ¢ Electrostatic Pfecipitator

FC : - Foreign Currency

Fixed Carbon

FDF ¢ -Forced Draft Fan
FIRR : Financial Internal Rate of Return
FL. ' : Floor Level
FS o ~  t Feasibility Study
FT : Fluid Temperature

"G ' e 1 Gal

Geo. - .. : Geothermal
GDP : Gross Domestic Product
GHB : (ladstone Harbor Board
GIs - .. ' : Gas Insulated Substation
GNP : Gross National Product
GRF .~ : Gas Recirculation Fan
Grid : Electric Power System
HGI . ¢ Hard Grove Index (Index of Grindability)
HO . .: Head Office |

Heavy Fuel 0il
HT : j,. : E Hemispherical Temperature
HY _ ¥ Heating Value
HYDbC : High Voltage birect Current Transmission .
~ Line |

~I,a Ise o 3+ Island
IAEA SRR ¢+ - International Atomic Energy Agency
1DF . TInduced Draft Fan

©IDT R : Initial Deformation Temperature
INF _ : International ‘Monetary Fund
JICA - N : Japanllnternabional Cooperation Agency
we :-. Liquefied Natural Cas
L, LOA : Length of Overall
e 't Logal Currency

| . Letter of Credit

_LME. : : London Metal:.Exchange

Max. . 't Maximum |
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MC 4 Multi Cyclone -
Metal Clad Switchgear

MCR | : Maximum Continuous Rating

Min. : ! Minimum

MERALCO : Manila Electric Company

MMIC :  Marindugue Mining & Industrial Corp.

MSB : Maritime Service Board

MSY . : Main Stop Valve.

N ) : North

NAPQCOR : HNational Pouer-cérporation

NE : North East. | -

NEA : National Electriciﬁy.Administrabion

NEDA : MNational Economic and Development Authority
- NHI ' : . Net Heat Input

NOx : ‘Nitrogen QOxides-

NPCC _ : Nabional Pollution Control Commission

NPV ) ‘ :- Net Present Value

NW ! North West

oc , : : Open Cut Mining -

QOEA - : - Office of Energy. Affairs _

OFAF : Forced 0il Cireulation, Forced Air Cooling

ONAF : 0il Immersed, Foreced Air Cooling '

OPEC -t  Organization of Petroleum Exporting

Countries

0x . t Oxides

PA : Plan Area _ _

PAGASA " : The Philippines Atmospheric, Geophysical and

Astronomical Service Administration

PAF : Primary Air Fan- -

Pf SR :  Power Factor

pH : : Potential of Hydrogen

PNOC - ‘¢ Philippine National 0il Company

PNOC-CC : . PNOC-Coal Corporation

PS : Power Stationm . -

PHCS : Port Walata Coal Service

PHL : Noise Source waer-Level _

RO :  Regional Office |
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ROM : Run of Mine

Rs : Slagging Index'
- RSV : Reheat Stop Valve
S : South
Sulfur _
SCR : : Short Circuit Ratio
SOx : Sulfur Oxides
SPL ¢ Sound Preésure Level
SPM . Suspended Particulate Mabter
Ss : : Suspended Solid
' Substation
ST | : Softening Temperature
SVP | . Senior Vice President
SW | : South West
TDS : Total Debt Sérvice
Total Dissolved Solid
TL : Transmission Line
™ ' : Total Moisture -
Tr, :  Transformer
UG , : Under Ground Mining
USA : United Stats of America
USSR | : Union of Soviet Socialist Republics
VAT : Value Added Tax
VM : : Volatile Matter
W _ : West l .
XGS : Export of Goods and Service

ZCFPP ¢ Lambales Coal-fired Power Project
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UNITS |

Prefixes
n ' : micrd—: 106
m : milli-= 103
c : centi-= 102
d : deci- = 101
da : deca- = 10
h : hecto-= 102
k : kile- = 103
Mo o megé- = 106
G : giga¥‘='109
Units of Length o |
m ‘ : _métep
o ~: millimeter
cm : : centimeter .
km B : kilométer_
in : imch
ft _ : feet
yd ¢ yard
Units of Area o
ome ! square centimetehs.-
m? 5' squaré metérs_' .
e | : square = kilometers
fte H squaré feet
ydz ' : square.yards
ha ..+ hectare
Units of Volume | ) 77 .
m3 - & ocubic meters.
1 s liter
kl : kiloliter
Units of Mass |
g :  gram
kg ! kilogram
t : _ton.(metrio) .
1b | : pound
Units of Density | _ _
kg/m? : kilogéams per cubice meters'
t/ms : tons per cubic meters
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mg/mN : miligram per normal cubic meters

g/meN 1 gram per normal cubic meters
ppm ~- . 1 parts per-million
ug/scm ! microgram per standard cubic meters

Units of Pressure

kg/cm? ¢ kilograms per square centimeters (gauge)
1b/in? : pounds per square inches
mmHg ¢ millimeter of mercury
mmHg abs’ ! millimeter of mercury absolute
maq _ : meter of -agueous
1b/inz, psi ! pounds per square inches
atm ' :  atmosphere
Units of Energy =
keal ' : kilocalorie.
kWh ' kilowatt-hour -
MWh 1 megawabt-hour
GWh : gigawatt-hour
Btu "t British thermal unit
Units of Heating Value
. keal/kg . . -t . kilocalerie per kilogram
o Btuflb. - - .t British thermal unit per pound
Units of: Heat Flux ' '
keal/mzh - - : kilcocalorie per sguare meters hour
Btu/fth ©-:3  British thermal unit per square feet hour

Units of Temperature

deg : degree
° ' : degree
c : Celsius or Centigrade
°C : degree Celsius or Centigrade
F : Fahrenheit
- eF _ -+ degree Fahrenheit
Units of Electricity
W : watt
kW : kilowatt
A'. ' ¢ ampere
ka ! kiloampere
v  volt
kV : kilovolt
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kVA
MVA

MVar

kHz

Units of Time

8

min

h
.o d

y

Units of Flow Rate

t/h
t/d
t/y

ms/s

ms/min

me/h
ms/d
1b/h

meN/s
an/min
mN/h

'Y

..

s

..,

.

.
»

.
B

.
-

Units of Conducbivity

psS/em

- kilovolt ampére ,

megavolt ampere

megavar (mega volt-ampere-reactive)

kilchertz

second
minute
hour
day
year

tons per hour”

tons per day

 tons per year

cubic meters per
cubic meters per
cubic meters per

cubic meters per

_pounds per hour

cubic meters per

-cubic meters per
_cubic meters per

microsiemens per

Units of Sound Power Level

dB

Units of Currency

P
US$
¥

P

*
-

deci-bell
Peso

USA Dollar
Japanese Yen

C—=Xvi—

-second

minute-
hour

day
second :at normai condition
minute at normal condition

hour at normal - condition

centimeter



CONVERSION TABLES

Length
cm - m km in ft yd
- 0.01 | 0.00001 | 0.3937 | 0.032808% | 0.0109361"
100 - 1 0.001 39,370 3.28084 | 1.09361
100000 { 1000 1 39370 3280.81 1093.61
2.5 | o0.0254 | 0.000025 | 1 0.083333 | 0.027777
30.48 0.3048 | 0.000305 12 : 0.333333
91.44 0.9144 | 0.000914 36 3 i
fArea .
om2 mZ  km? ft.2 ydz2 ha.

1 0.0001 | 1010 0.001076 | 0.00012 10-8
10000 1+ | 0.000001 | 10.7639 1.196 0.0001
foo | 1000000 | 1 10763911 | 1195990 100

929.00 0.0929 | 9.3x111 1 011111 | 9.29x10+6
8361.27 .| 0.83613 | 8.4x107 9 1| 8.36x10
108 110000 0.01 | 107639.11 | 11959.90 1

Volume |
ms3 k1l
1 1000 1
0.001 0.001
Mass
g kg t 1b
1 " 0.001 0.000001 2.204x103
1000 kR 0.001 -2.20462
1000000 |- - 1000 e 220062

K Vil




Density

g/cmd kg/m3 t/m3
1 1000 1
0.001 1 0.001
Pressure. |
kg/ﬁfn? -lb/in?,.psi atm - mmHg jrﬁ.ﬁ\q
1 14,2233 0.9678 135.6 10000 -
0.070307 1 0.06805 5171 | 0.7031
1.0332 14.696 o 760 119.332
0.00135951 0.01934 0.001316 1 0.0135951
0.1000 14203 0.09678 73.56 1
Energy |
keal Bty kWh
X 3.96832 1.16x108
0.251996 P 2.9307x104
859.846 3412, 14 1
Heat Flux
kcal/m2h | .Btﬂ:ﬁ/f.tzh Bbu/ inéh
1 | 0.3687 2.56x1dﬂ
2.712 ! ©6.944x10°
3.906x102 1y B
Exchange Rate
p, P us$ ¥
1 0.04545 T
22,0 R - 0.007143
0.1571 140 T
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OUTLINE OF THE PROJECT PLAN

Name of the Project

Location of the Site

Installed Capacity
"AﬁnﬁﬁiAUtilization Factor
~ Thermal Efficiency

.+ Main Fuel

Zambales Coal-Fired Power Project
ﬁarangay Bani, Masinloc, Zambales
600 ﬁw {2 x 300 M)

70%

36.0%Z (annual average)

Coal: _as design basis, indigenous

coal and overseas coal are supposed to
bé blénded 50/50 weight percent.
Semirara coal is assumed as indigenous.

Lemington coal (Australia) is assumed

_ as .overseas coal.

{Semirara) {Lemington)

Héafjng val@e (as received basis) 4,000 Kecal/kg 6,524 Keal/kg

Ash.Conten;s_

Anﬁual Coal Consumptioﬁ

Cbal;SféfageECaﬁaéity

Size of Coal Carrier

Annual Ash Generation

Required Site Area

- Reduired Fresh Water

Cooling Water ..

;P;gject:§éﬁédﬁie '

‘Estimated Construction CbSﬁ

12% 10.39%
1,600,000 ton (2 x 840,000 ton/unit)
300,000 ton (maximum)

60,000.DWT (fdr overseas coal)
5,000 DWT (for indigenous coal)

208,000 m3

. Total: 106 ha.

2,600 m3/day (maximum)

25 m3/sec

" Loan Approval Jéndafy,.1991'

Cdmménéemeﬁt of Work Apfil, 1993

" Taking Over May, 1996 (No.l)

. November, 1996 (No.2)

" Total : US$750 million
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Executive Summary

Economic Bavirconment and Demand for Electrical Power

Since 1987, the econcomiec environment in thé Philippines rapidly
improved, and the country's GNP i{n 1987 and 1988 rose to 5.7 and 6.7

'percent, respectively, demonstrating a growing pace of recovery.

- Alongside, demand for electrical power 1s growing dramatically, up

nearly 9 percent. The electrical power systems in the Philippines
are divided into three - Luzon, Visajas and Miadanao.  Luzon system
is the largést,:acdounting'for some 702 of total capaéity for the
entire country. Installed capacity in 1988 was 4,100 MW. Also,
power demand of this syétem is 76% fdr the whole Philippines.

The following table shows the growth in total power demand and peak
demand in the Luzon grid from 1986 to 1988.

1986 | 1987 | 1988

Total Power Demand (GWh) | 14,756 | 16,030° | 17,439

(2.1) | (8.6) | (8.8
Peak Demand - (M) 2,435 | 2,592 2,780

(5.4) (6.4)Y |~ (7.3)

Nete: TFigures in parentheses show growth over
‘preceding year {in percentage points).

Power Developmeént Plan for the Luzon Griﬂ

‘Luzon grid's total capacity in 1988 was 4,100-Mﬁ, but ohsolescence

of oil-fired plant and drop in hydraulic plant during the dry season
cut capable total supply capacity to around 3,200 MY, In;Juﬁe 1988,
NAPOCOR formulated its Power Development Program. Iﬁ”tﬁe”program,
NAPOCOR outlines a plan to develop 3,200 MM of coal—fired power
source up ‘to the year 2Q00._ 3 000 MW of the new power source is

expected ﬁo be developed in Luzon Island. -

‘However, a review of future power demand taking into account the

growth in demand in 1988 showsrthe possibility-qf power shortage

(2)
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after 1993, even when all new power generation plants are completed
as planned in the program. Heunce, an earlier execution of the
program 1s necessary, and it also shows that construction of a second

unit in Masinloc must continue.
Site Selection

ﬁAPOCbR.con6ﬁcted a preiiminar} sfudy to select the sité for the new
coal-fired thermal power project in 1987. The JICA study mission
evaluated the three candidate sites that NAPOCOR had selected,
Masinloc Zambales, San Juan Batangas and'Limaj Bataan. Evaluation is
based on ecdnomic viewpoint in relation to items that are affected by
regiohal'charactgristics such as location of port, roads, ash dispo-

sal, foundatiqn, etc., and excludes ‘equipment and facility-related

“factors that ‘are unaffected by the locality. The following is the

évéi@é;idﬁnresults of each site compared to in-land ash disposal at

. Masinloc site. - The JICA study_missioh concluded after discussion

with NAPOCOR that Masinloc 1s the most suitable candidate for the

gite.
(Unit: 1in thousand dollars)
Masinloc San Juan Limay

In~-land Ash Disposal (base) {base)+23,200 impossible

Offshore Ash Disposal (basej+36;900 (base)+78,400 | (base)+41,100

Demand and Supply of Coal

NAPOCOR has requested a study of both indigenous and imported coal

for use in this projeét. In 1light of the energy diversification
policy.instituted'byﬂthe Philippine government, the use of indigenous
coal to the best possible extent was stﬁdied. First, the supply
capability'of indigenous coal was checkad, and the~possibility of
supply was examined based on "The Republic of the Philippines, The
Master Plan Studf of the Coal Mining Technology Development" executed

by JICA in 1987. The results show:

(3
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- The indigenous coal supply for thefmal'power generation in

Tuzon 1g mainly Semlrara coal,

NAPOCOR plans to develop 3,000 Mﬁ cpal—firéd thermal‘ﬁower pr§~
jécts in the Luzon 1sland up Eo the yeaf 2000, 1In contrast,

Semirara coal supply can be maintained at 50% of necesszary fuel
demand until 1996 bubt is expected to decl[ne to 30% in 1997 and

thereafter.

Hencé, there 1s no other alternative than to Import coal to

supplement the shortage.

Demand & Supply of Iﬁdigénoﬁs:cdal

--(Unit:- 10,000 Bru/1b.
in thousanda tons

)

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1399 2000

Demand
Supply

Shortage

Self-Sufficleney.

Rate (%)

1255 1216 1173 1410 1936 1858 1788 1771 3610 5443 7138 887

Thé relationship:ofwdemand and supply in all of the Philippines

shows the degree of self-sufficienc& in:gbal falls below 50% in
1997 and thereafter down to 3i.Q%;in;2QOO.; However, Semirara
is the only indigenous coal available for the thermal power
project in Luzon island, and there is little possibility of

securing other sources in the Republic.

(4)
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. Coal Demand at Luzon Thermal Power Plant & Semirara Coal’

(Unit: 10,000 Btu/lb

L)

in thousands tons

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Demand from 930 930 930 1860 2790 2790 2790, 2790 4650 6510 8370 10230
Luzon System
Semirara Supply | 609 609. 609 609 1257 1473 1473 1473 1473 1473 1473 1473
Shortage | 321 321 321 1251 1533 1317 1317 1317 3177 5037 6897 8757
Self-sufficiency | 65.5 65.5 65.5 32. 7 65.1 52.8 528 52.8 31.7 22.6 17.6 14.4
(%)
(5) Procurement of.Imported Coal

. The important points.to consider in the procurement of imported coal

are:

'1) Property and potential quanttty of coal to be imported

2) Type of contract

'3) Method of transport

Moreover,-theré is the problem of:

4) Readiness in NAPOCOR fuel organization for stablé, long-term coal

import.

The Pacific_Rim coal producers such as Australia, Indonesia and Cﬁina

‘are gedgraphically close to the Philippines and they produce quality

bitumiﬁous"éoal;_‘Australia'has'a history of exporting steaming coal,
and Iﬁdbhesiatis-Studying expansion of steaming coal output from the

Kalimantan area. -China has coal potential and is a possible can-

“-didate in-the futu?e.i Canada, U.S.A., Colombia, and other Pacific

Rim countries alsoproduce quality coal. Japan and some Asian
couritriés 1mport-from*these'coal producers, and coal procurement from

these nations is pdssible.V

Type of contract should be directed to achieve long-teru stability of
electricity rates, ‘and long-term contract must be concluded, with

spot contracts included as well to adapt to fluctuations in power

" demand. - Though related to the quantity of procurement, emphasis

(5)
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should be placed on long-term -contracts, with 80 to 90 percent of the
necesgary supply obtalned in this manner for assurance of gquantlty

and stability in price. 1t is alsc closely related to supplier and

‘how the type of contract is. selected. It is a common practice to

~ sign 1ong term contract with a source which is geographically close

and is able to provide stable quantities of coal.

Overseas coal procurement requiree not only-gathering a wide variety. -
- of data of coal market, foreign exchange trends and maritime market,

but also analysis, and strategy planning. Hence, an organization for

coal procurement must be formed in NAPOCOR, and experts trained and

assigned,

Layout

" The general layout of thée plant has been plantied in light of climate,

maritime ¢ondition, topography, geology, and other natural elements,
ease in power plant’ operation, and economic feasibility. Hence, the
powerhouse and coal storage yard have been Iocated east of Bani
Point, The required area for the entire plant is 106 ha. including a
coal storage yard. ‘The area of the power station is 18 ha., and the
area of coal storage yard is 15 ha.  Ash disposal area has been
located inland adjacent to the power plant (30 ha. for 10 years and

73 ha. for 30 years)
Port Plan

The planned site is facing the Oyon Bay which inoludesnﬂasinloo,Port;
Coral reefs prevail in the bay, so inside of the bay is relatively
calm., - However, the.navigation route to the plant:site_haa'three
winding points and is 5,500 m long. At'preeent, 40,000. DWT bulk:
carriers enter Masinloc¢ Port.. Part of the exieting navigation-route
will be-used for the proiect for safe entry_and_mooring of 60,000 DWT
coal carriers. The route wiﬂth of 350 m:and;a;turaing_Basin With
diameter of 470 m in front of therjotty,ate=necessary, :To .secure

the required water depth and route width, a volume of 900,060 a3 must

be dredged.

(6)



(8)

(9)

(10)

Coal Handling System Plan

Coal unloading facilities widely used are grab bucket and coantinuous
unloading systems. The continuous system has been selected for eco-
nomic¢ reasou. Unloader capacity has been planmed at 2 % 700 t/h, and
storage capacity of 300,000 tons (45 days supply). Slmulation was

conducted to verify the optimization of these facilities. The result

'indicated a need of storagn for 45 days for overseas coal, but

storage capacity for 45 days is belleved not necessary for indigenous
ecoal. This is an issue that must be studied in greater depth in the
future.since indigenous coal_is lignit{c which dis sueceptible to
spontaneous cgmbustion. Tor noise reduction, stacker and reclaimer

have been chosen for handling coal at the storage yard.
Fresh Water Supély Plan

The required quantity of fresh water in the project is 2,600 m3 Per
day ag a maximum value. The Masinloc river has been chosen as the
water source, and water will be drawn by a plpe11ne. The length of

the plpellne is approx1mate1y 10 k..
Selection of Design Coal

The preliminary design of powér geﬁefatibn'facility is based on use of
1nd1genous and overseas coal on 50/50 we1ght percent blendlng basis.

Semirara coal (Himallan pit 4 000 kcal/kg) is considered as indige-

:noes coal, and Lemlngton coal (6,524 kcal/kg) of Australia is adopted

"as overseas coal. The representative qualities are as follows:

Semirara Coal Lenington. Coal
Heating Value (kcallkg) 4,000 6,524
Total Moisture () . S29. - 9,77
Volatile Matter (%) 30.2 : 30.05
‘Fixed Carbon (%) 28.8 | 49.8
Ash Content (%) 1z 10.39

Lemlngton coal ‘has been selected as representatlve overseas coal. It

was chosen from the standpoint that imported ¢oal will be blended

‘with Semirara coal. Procurement of a variety of overseas coal will

" become necessary in the course of project management in the future.

(7)
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For this reason, detailed description of the method to assess coal. .
qualities 1s included in this report. Reasonable source is expected
to be selected from many types of overseas ¢oal based on thesé stan-

dard of measurement.

Preliminary Design and Outline of Power Generation Facility

-Thg preliminary design of the ﬁower genéf&tion:faciiity was prépared

with emphasis chuéed on the folibwipg polnts:

. Each facility mist be planned for economical operation

. The fact that indigenous and imported coal will be blended

+ Standdrdized specifications will be defined to facilitate main-
tenance ' o '

» Electrical characteristics due to transmission over a distance of

250 km to Manila
Features in design founded on these factors are as follows:

1) Steam conditions have been defined based on economic comparison
within standard range to make conditions most economical in

maintenance over a 30-year span.

2) By reason that coal types with various qualities will be used,
redundancy of facilifies hévg been'avoidéd,:and;ﬁhe 5oiler has
been planned after deternining the p:ospeétsriﬁ‘supply 6f indige-

- nouis . coal. Stpdy-pf indigenous coal blghding ratio found_that
allowable margin of 15% both in_ipc?ease énﬂ &ec:ease 1s possible
in the design stége. This requirés acéumulation of know-how in

the'operatibnal stage.

3) Short eircuit ratio of ‘0.58 and power factor 0£‘0.9;of¥generator

have been defined after system analysis.

4) In view of the environmental effects, the stack height is planned

at ‘120 m. For economic reason, it will be made hf concrete,

The outline of the generatiﬁg'facilities based on the results of the

study is shown in the table below.

(8)



Transmisaion facilities are belng studied separately by NAPOCOR and

have been excluded from this study.
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OQutline Description of Generating: Facilities

Basic Factor of Design

()
(2)
(3)
(4)
(5)

Tnstalled Capacity
Annual Utilization Factor
Thermal Efficiency

Station Service Factor

Main Fuel {coal)

" Heating value {as received basis)

(6)
7y
(8)

Land

(1)

(2}

Port

(1)

(2)

Coal

(1)

(2)

Ash contents
Blending ratio

Annual Coal Consumption
Coal Storage Capacity

Vessel Size

600 MW (2 x 300 MW)
70%

-36,0% (annual average)
7.5%

(Semirara coal) (Lemington coal)
4,000 kcal/kg 6,524 keal/kg

12% 10.39%
50% 50%

1,680,000 ton (2 x 840,000 ton)
300,000 ton (maximum)

60,000 DWT (for overseas coal)
5,000 DWT (for indigenous coal)

Reclamation

Site Area Total 7 106 ha
Power statiom 18 ha
Coal yard 15 ha

Ash disposal area 31

Site Formation Level
Pacilities

Coal Unloading Jetty

Water Channel

Handling and Storage Facilities
Coal Unloader
Capaéity

Stacker

(10

ha (for 10 years)
73 ha (for 30 years)

Length 240 m
Width 25 m
Depth 15 m
Length 5,500 m
Width 350 m
~Depth

16.5 m

Bucket—chain type continuous unloader

2 x 700 t/h

1 %.1,600 £/h



(3)

- (4)

Reclainmer
Coal Storage Yard

Storage capacity

3+ ‘Fuel 011 Storage Tank’

(1)
(2)

Heavy 011l Tank

Light 0il Tank

6. Fresh Water Supply System

(D
(2)

Quantity

"Fresh Water Tank

7. Boiler System (per unit)

(D

(2)
»
(4)

Boiler
Evaporation
Induced ‘Draft Fan

Forced Draft Fan

' Coal Pulverizer -

8. Turbine System (per unit)

(1)

(2)

Turbine

Rated output (at generator end)

©Steam préssure

Steam ‘temperature

Rotating speed

Condenser

Cooling seawater
temperature (Design)

Cooling seawater quantity

(11

2 x 800 t/h

300,000 ton
150,000 ton {indigenous)
150,000 ton (overssas)

2 sets x 4,000 kL

1 set x 1,000 kL

2,600 m3/day (max)

1 x 10,000 n3

Single drum, outdoor type

(MCR) 990 t/h
(ECR) 930 t/h

2 x 16,000 m3N/min
2 x 6,390 m3N/nin

5x 41 t/h

Tandem compound, reheat,
regenerative condensing tur-
bine :

300 MW
(at MSV) 169 kg/cmlg
(at MSV) 538°C
(at RSV) 538°C

© 3,600 rpm

“Inlet 31°C

Outlet 39°C

41,500 m3/h



(3)
(4)

Condensate Pump

Boiler Feed Water Pump

9, Condenser Cooling Waﬁer Facilities

(1

(2)

(33

- (4)

(5)

Intéke'-”

Type
Dimension

Intake Pipe Line

Type
Dimension

Intake Pump Pit

Type

‘Dimension

Outlet Pit

Type
Dimension

Qutlet |

Type _
Dimension

10. Eiéctrical'Facilitieé (per unit)

1)

Generator
i) Type
i) Rating

Generator output
Voltage (according to
manufacturer's standard)
Power factor

Short circuit ratio

iii) Exitation

(12)

3 x 390 t/h

Motor driven 3 x 520 t/h
Deep water intake
2 sets ¥ 3.0 m

Embeﬁde&'steel'pipe
Inner diameter 3 m

Length-nean 2 lines x 530 m

Reinforced -congrete structure
Width 24.6 m
Height 12.7 m
Length 35.0 m

Reinforced concrete structure
Width 12 n

Height 10.5 m

Length 25 m

Rubble mound revetment

Width 6.0 m
Height DL + 3.0 m
Length _SOO.m

Indoor_typé;_hofizontal shaft,
3 .phase, hydrogen-cooled

334,000 KVA
18 to 24 kv

. 907

0.58

Thyriéfer or Brushless



11.

12-

13..'

(2) Main Transformer

1)  Type
11) Rating
Capacity

Voltage:
(3) House Transformer

Capacity
Voltage

(4) General Service Traunsformer

Capacity
Voltage

(5) Switchyard
_i) System
11) Circult breaker
Tyﬁe
Ra;ing
(6) 6.9 kV Metal Clad Switchgear

1) Cubicle type
1i) Circuit breaker

Ash Handling System (per unit)
i) Chain conveyor
ii) F.A Vacuum Collector

i{i) Fly ash silo

Powerhouse

Stack

(13)

Outdoor type, 3 phase, forced
oil ecirculating, forced air-
cooled

320,000 kVA
18 to 24/230 kv

30,000 KkVA
18 to 24 kV/6.9 kV

40,000 kVA
230/6.9 kv

Outdoor double bus bar

Porcelain type
242 V2,000 A
31.5 kA (Interrupting current)

Indobr, single bus, metal
enclosed type

SFg 6.9 kV or vacuum type

11.7 t/h
14.6 t/h
1 x 1,000 m3

Steel structure

Ground floor area 5,800 m?

Height 120 m



14, Environmental Protection Facllities

(1) Electrostatie Precipitator Dry type electrostatic preci-
: : ' pitator

Flue gas capacity 1,034 x 103 m3N/h
(2) Waste Water Treatment
(3) Coal Yard Water Treatment

(4) Waste Water Treatment for Ash Disposal Area

(14)



{(12) Environmental Control and Evaluation

In environmental control for c0a1;fired thermal power plant, foremost
attention is given.to prevention of adverse effects on the
surrounding areas. The Republic of the Philippines has laws and
regulatioﬁs on environmental protection. Enviroumental policy has
been implemented according to the legal regulations. Hence, the
result of environmental assessment at Masinloc is far below the
Philippine legal regulations, and effects of plant construction on

the surroundings is designed to be extremely small.

As specific control measures, stack is 120 m in height and
electrostatic precipitator with more than 99% efficiency has been
recommended to maintain the favorable conditions, adéquately
Eaéisfyiﬁg'eﬁvironmeﬁtal standards., Also, simulation of effect of
thermal effluent shows virtually we influence on the surrounding

environment.

(13) Coanstruction Schedule’

Construetion schedule cah be divided into: .

- from gubmission of th1s report to contract award

~ from contract award to the taklng over
The period between contract award and the taking over is the actual
-period -of construction, and this period has been calculated, based on

éxisting plants of similar nature, to be 43 months.

In the period until contract award finance preparation, tender docu~
ment compilation, selection of consultants and contractors, etc., and
other administrative actions must be taken, Tlme_required for these

actions can be reduced considerably by the method selected.

NAPOCOR has already built and is operating coal thermal plant iu
Calaca. Hence, it can prepare tender documents. Taking these fac-—
tors into aeccount, it is believed that it is p0331b1e that the plan

can be completed at an early stage.

(15)



The major points in the schedule after this report has been submitted

in March 1990 are as follows:

Loan Approval © - Jan. 1991
Tendering : : Oct. 1991
“Contract award - Qet. 1992
Commencement of work - Apr, 1993 -
Drum 1ifting : Nov. 1994
=Iﬁitial firing ='Nov. 1995

Takeover of No,l Unit May 1996
(14) Construction Cost

The construction cost of the Zambales Coal-fired Power Project is
estimatéd after due consideration cost of similar project. The esti-

mated coustruction cost are shown as follows:.

(US$ x 1,000)

] 20 RS . " Total
F.C. L.C, F.C. | L.C. F.C. L.C. | F.CiL.C
Direct cost 288,642 | 100,333 | 177,359 | 30,722 | 466,001 | 131,055 | 597,056

Indirect cost | 24,156 | 15,8681 14,0701 6,193 38,226 22,061) 60,287
1.D.C. | 22,228 49,671 11,148 11,973 ] 33,376 | 61,444 | 94,820

Total ) 335,026 | 165,672 | 202,577 . 48,888 | 537,603 214,560 | 752,163

(15) Econonmic Evaluation

The economic performance of ‘the proposed coal-fired power plant

project was analyzed by using three methods of analysis:
1) "Benefit/cost" analysis,

2) "Equalizing discount rate (so-called "Economic internal rate of

return — BIRR) analysis and
3) "Screening curves" (Time~cost curves) analysis

The most important factor which influences economic analysis of ther-—

mal power deﬁelopment project is fuel prices.  The proposed project

(16)




is designed to use the Semirara coal and overseas coal on a split
basis,. and the average cost of those coals 1s estimated at
US$55.15/£0n based on prices in 1989, On the other hand, price of
heavy oil which has 1.0% of sulfur content equivalent to average
sulfur content (0.55%) of coal is estimated at US$137/kl which is
1989 price.

However, range of fluctuation of heavy oil price has been around 60%
in the last 4 years, for example heavy oil price which has 1.0% of
sulfur content was US$207/k1.

‘The heavy oil price, which has wider range of fluctuation than coal
~ price, is expected to become steadily higher. Considering the above
situation, the following two kinds of heavy oil prices are adopted

for the economic analysis.

Base Analysis Sensitivity Analysis

Coal Price (Uss/t) 55.15 10% up
Heavy 0il Price (US$/kl) 137 207

Based on this evaluation, the following conclusions were obtained.

(1) The equalizing discount rate between the proposed project and
the alternative thermal power plant is 4.,0% In the case of the
Base Analysis and is from 20.27 to 22.3% in the case of the
Sensitivity Analysis.

(2) From the viewpoint of optimum power source structure for Luzon
grid, the proposed project does not have an advantage over oil-
fired thermal power plants until 1997 after commissioning on the
assumption that mafket rate (assumption rate: 9%) 1s adopted as
interest rate to finance all construction costs of both the
proposed broject_and the oil—fire@ thermal power plant and heavy
olt price is UsS$137/kl.

HoWever,'iE is profitable to construct coal-fired thermal power
plants which has from 1,600 MW to 1,700 MW capacity on the
assumption that heavy oll price is US$207/kl.

(3) 1t is profitable to construct coal-fired thermal power plants

" which has around 710 MW capacity on the assumption that an

(17)



interest rate of some soft loan (assumption rate: 3.9%) is
adopted to finance the construckion cost even if heavy oil price
is USS137/kl.

(16) Financial Analysis
The results of financial analysis for the project are as follows:

a) The Rate of Return (ratio of operating lncome to average net
fixed assets in opefatibn) will be 0.96% in average for the first
10 years from commisslonlng and 3.72% in average for the whole

gervice 1life of 30 years.

"bY The yearly cash balance will be influenced by amortization of
principal and operating & maintenance costs, therefore, red
figure and black figure are presented mutually with the yearly

cash balance.

¢) The financial internal rate of return will be about 3.37%,

(18)
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