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redi e e R Ba’c—naiiz‘ BIEARY"CYCLE GEOTHERMAL POWER '_ “PROJECT —-. = —= <~

1.0 ﬁﬁﬁq AED AEBQESS OF PROJECT PROPGEERTS

Natlonal Power Lerporat;on (NHUGCOR) . .
. Agham Road corner Quezon Avenue . ST f
Diliman. Qu zon City, and ‘

) : Ormat Incorporated-' o o : o
_ . 255 Glendale Avenue, = = e - .
' Sparks, Nevada. USA S T N

2.0 TYPE OF PROJECT

.Th proacct .is  a biﬂa ry cycle . geothermal power . plant

capab e of genaratlng a gross capacity of 16.20 MW.  The

 power plant, ~which “is composed of 7. units of. 2.0 MW

- capacity each and " five units of a vrelatively smaller

S " capacity of 0.5 MW each, are to bs installed _in~ five
' - different s*tes in Palayang Bayan, Manite, Flbay ’

-

3.0 THE PROJECT SETTIEG [ TR

3.x _Declaratlon and quective" o e R L
. . .The project will be implemented under the Build-Transfér— -
o . Operate (BIO} sc heme - hereln Ormgp inc. w ;}}_be the main. - .
LT conuractor. T 4 o I : ' S
) "% Thé contractor shall gndcrtake tHe desiani EﬁglﬂeePYPg‘
: » manufabture, supply. delivery. installationserection.
soomes- - 2iviY worksy testing and commisioning of the power. units
TL.. .. tono.a . Turn-key . basis.. Oncé .the. .project is - -already.

operat1enal NAPQCOR sha’l assume ownership’ OT th . plant )
_1n bchalf of the Phlllpplne oavernmept o ‘ T
OPmat Inc.z w1ll be respan51ble for- the operatien and .
" maintenance {O“M} of the plant under a cooperation period

of 15 years afterwhich the. pTant will be thrned—over to
‘NAPOCOR free of °%arﬁe R I T

This proa ﬂt was con01eved to- nahlmlge»'the use of -
avallable.‘euergr o‘ the country’s operatlng geothermal
" flelds using blnnry cycle technology. -In this proaec*, .
~“the units ars intended to-utilize unused wells- as well “as.
* the separated “biine from separator -stations supplylng
steam for the Bac- Man I Geothermal Plant.
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~~of "the cvele power vplant’ are ‘as
]‘ : follﬁws: ‘ ' I
e oL ST - N . . - :
% ' a. Environmentally Sound Technology
B . "‘ - . ’
. 1; Binary cycle power plants. cperate on  closed-loop .
- e system.  TYThe. t.squrce,igecthermaT'b”iﬁe, .coming from
NL.,"_ the”vsepérators passes through ths - b&ﬁ@rl"&”’_ eheater
1;._. : and 1is pumped .to. reln1ectloﬁ wells. The process. does
: N : not - allow ollutanus of aﬁy form to escape’ the
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L Can Prodnbe Dﬁwer at Low memﬂcratare from

E: : 180a”ces - , o | . D
) “Biﬁafy cvcle powar plants can EEHcPate elac ric Zr
S - from geothermal fluids with temperature ﬁf as low as 94
«w-]~ ~ . deg e BT o
5 Sl oLl CL,EéSthO:COHSthut/I ll". .-

N - o : - o } ' : T - o
]1‘,. The components are self—conbalned. ontdoor  type,
—po - compact and .factﬂry 1nte£rated Delivery 'period and
r " ponqtrnpti -lead time is about 16 months. B

"];'-~ o 'd._Eass Mainténance
by The ,ﬁowér'plant'comgeﬁepts are -compact-sized. hence.
A == .- repair and mainterance _can bs undertaken wzthqgg using.
T N ' , vsophﬁsflbofed 1ifting dev1ue hquxpmen and’
N cauxiliaries can be dismounted. °lea”ed repa ired -and .
R : " replaced in just few hours. — I

"f”z”é.‘Rellablé‘ﬁperati on - B

can be sxpscted.
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The Need fdr.Power

Elebtrlbal
average

enercv conqumptlon in Luzan havn grown auv
rate of &. 8;4

from 12.347 GWH in 1986 -to

S | Greates. . u ilizaticn ' of Geothermal Fower in - Bac-Man
o . Field. o : L : : - S
o =8 Decreaée De“eﬁdeﬂ e of- La on’ Grid on i il-ba éd_fPewéri
] _ - .. Plants. ' : . o : o

GWH in 1990. The expansion in energy demand reflegts the

(SN ]

a¥n oo
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substantial -increasein the numbsr of elsctricity

“Jhartlcular{

.vfa0111ules ln ur“an Manzla as. weTls as 1n tne prbf

"Frow 1Q91 to

_consumption in. Luszon..

18,402 GWH in 1981. .

Hsers
more intensified energy use in the - region.  In

the relatively stable 1nbrease,1n"”residén%35T“
and - commercial conswhptions as- well -as the slightly
errctlb but nanetheless positive growth in industrial - use

have accounted for the overall healthy.profile of  energy
The growth was also under. »ﬁ0551ble,"
expansion and ‘1wpvovement of  servic
nces..

and the

by the . vigdrous-

S, Eevelepmcnt ?rogram whe ein
ranslated to generation load requlremenu“ using
i - assumptions  on load fa ctors and -system losses.
Table 1 shows that the greater demand for energy for. .the .
year 1981 has led to 4.50 % increase in the gross energy

generation of NAPOCOR from 1! 501 GWH att alned in ig Qq to

oW th 12 enePcy sales
e &
as

CRE P

snsrgy  génsration

sctad.

1995, the projs in

. Luzon Grid inec reased to 7.2 % annual. growth rate and - will

sllghtly _increase to 8.2 % in-the following B ye‘rs but
will " taper  off to 7.5 % the next 5 vears. The power -

oMW

. energy
T n .

Based on the e
Cis essential te the system, heice. the 1ﬁplementct1bp

’glven tap prl ori tr ~ . :

geperatlon lev 1l 1ncreaaed from 3,013 MW in 1991 to 8,847
in 2005 assuming a load facuor and a system 1osses of
68.72 ¥ and Z.50 %, requbt;ve¢y, Luzon Grid . demand and
forscast from year 1981 to 2005 is shown in Table -

-

' capacity
of
the prQPQScd Bac—Man Blnary Cycle Plant shall llchlse be

above- study forecaSU.“any additiodal

. Economic Evaluation .. - - e e T

The  evaluation is done by assesing the’ proaebts s Economic
Internal ~ Rate - of Return {EIRR}, ‘wherein the .costs aré
compared . with the costs the consumérs:are willing to. pay

(CWP). This CWP criterion. computed at: Z.SSkaH for Luzon
Grid, was based on the ICC-technical staff s estimate for
the consumers. cost of, electrical power substitutes:
assumed .are herosene for residential consumers and self-
provided diesel geﬂeratora for- ﬁmmerblalllﬁdustrlal
‘customers. - ' ' :
: ’ '3
T .

B et ot
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cost stresms include the—ffs -7 T T T
“al Inves gfqba’r‘ Cost™ 7 7 7: ""‘$"28;752,178 oo and T
' B 1318.370.487.090
. Total Cost > B 884.578.283.00 .at
o - —-B-27/%51.00 exchangs rais
v. Brine Fee .  : P 0,285/kwh based on 50 %
' : of the existing ‘steam pric e
. . ; - for RBac-Man 1 - -
c. O &M C“ st : j$'8 0,000/yr. based on the
) ' proposal by the operator for
: Mah -Ban Blnarv Prgde t . ’
“The co5 t sureams are urqnolqtad ;n_iue'presenu values by
applying the  social .disc ﬁuntlns rate of 15 %. - ..The-
~difference or uhe netflow in- the cost streams detewn*nes
the EIRR. . It .is _assumad An Ihe aﬁal vsis that the".
cooperatlon perlod is 15 year - T oF T
The pesult-gfrtbe cvalgatian'iﬁdicat*s that' the project is
.economically. acceptable. The EIRR obtained is’ -20.74- %,
~and is more than the required 15 . % return.” The NPV
. registered .a positive P253 million in benefitas. favoring
~-of the economy. The euopomlb analysis is ghown in Table 3.
GEﬂER&L mmm CLTTETT T —— oo
Five _ sites are belng ceé_ dered fo” uhe 10 ations ©f the
plants. namely' '
‘awlPAL?lﬁ L : S Lo - '
b. PAL-T7 ' R '
- ¢ PAL-B I e o e
d. PAL-1 L . L - T
‘e- PAD"‘RA B i .- - - - vv - - --;«_- - — B - .- - .
Figure 1 shows the location the proposed  sites whose
‘gecgraprhical location are- dlstrlbuued along t?e production
and rein jection'lipes far the 2 x 350 MW mclﬁ_pOWer_plaﬁy,
PAL 16 . T e L e T
'Th;S»szte 1s—1occted adaaaenu to aﬁd south-o SS No.-1.-1%
" is ‘characterized by & relatively rol 11 ng errai with an
arsa of approximately 500 sgq. m. :
4
— i ' . | : .




"Thism“site

- . within the plant site .are -the . fﬁlla'ing

'relétiﬁeI?HTrblliﬁgfw
r from .

o
Pressure Re nt Station. It use an

'The'Site has an. arsa of appPGV1nauely Q,O'Q'sq. w‘ located .

‘on - the weﬁterﬁ side of the Gayong River SE the Low
.Point- Statlen f the Steam gathering syvstem for Ba c-Man 1

‘plant. . The yrgﬁeqed ste is character zed by & reélatively
rolllpg tervaln. ~ '
;PAL‘l o ,

x

srized by a relative*?' flat ‘uerraiﬁ
-

-

source vell PAL 18.'% "' o ' {Z _.f S

-sziD RA.

0
L
(‘D B
[ 2
et

The sité is characterized by - a i'e1y "flat terrain
~located in the western side of the Pigs banﬁan River -and
- Bac-Man 1. 1t is near the end-poini of  ‘the Bac-Man ' I
reinjection llpe and has an-area of approxlmatqlf 3 000»_
‘5q. m. . . - L . . S - - : -

‘Plant Layout o j;w : o ﬂihﬂ;'-s'?f

The maln—~strubtures and fac 111ties” to be constPucted’

a. binary cvélé~gedthérmal ganrating_setS',;.»‘”' S S

Fone
peed

" b. main and auxiliar Q transformeféiﬁ

c. Lorbed air cooler an d'their rélated fa illtwes

~d,»sw1tbhyard end its related structhres and f30111tles

e control bu ldlng whlch honsns t“e "ontrql, thlvand

battery POOns

s —_‘-— - S e et e - e - R —

f elevaued water tank

R e ey o e e
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" The control room-shall be Blrightlv elevated from the rest

of the structures to provide good view of the generating

‘units. © The - generadting  units nﬁh11”'havé“"gféiﬁféféed“””
jconcrete,‘faundatlan resting on a. u Q00 pal 's0il bearing’

_capacity.

Intrasite roadways shall be provided. for ‘convenient access

within ths power plant area. DUrainage system shall be of -

reinforced concrete pipes conforming to -ASTH standards

:'with, collared ao;r+s and sand bedd*ﬁgs.4 Sewage - pipes-
shall be PVC for aboveground npﬁ‘lcatﬁono_ with fpréper,_
anchorage-  and Jjoint ‘sealing. and cast iron for embedded
- pj_'pj_ngs_ o ' : - o - S : B

ppi? ?d dischargs shall
Lpits, ith t%e © supprly
izc

The pipe racks for the brins’s su
- pass between the rows of the OEC
line coming from one side and the
o“p051te' side. The. control. room w111 be 81tuated on one
.end of, the sBite, while the switclhivard and the motive fluid

injection pumps w111 be 1n between the gener ting setS’and>-'

tbe uoptrol room.

The motive fTuzd storagp tan}s w1 1 be.at .thé opposite end
ﬂf “the. 1n3ebtlon pumps while air coolers will be .installed .

1n SUertura1 frqnes a“ave the ﬁeﬁeratlﬁv sets.

Tﬁe power to.be gsnerﬂtag bh the proposed plants shall ba

fed through 13. 8 EV. single circuit -transmzsszan.llne to a
central -station at PAL—I where a =20 MVA, 13.8 KV. /69 KV

" power transformer is proposed to be ins alled-r_Th;s will’
. be - tapped to the existing 69 KV Tap Tubllaon --Bac-Man -1 .

"1iné then to the B9 KV sC. TfL gelnc to, Baraoa S/b fOWj'

feedlhb to the Lh:on Grld

- ans‘t‘ructi’an I}etai'ls'

The project 1mplem=ntauloﬂ s»hedule is shawn in Fi”u e 2.

Technical and commercial negotlatlnns shall start b& wmid -

August and Shall end by mid September. Contract 'apprcval

:aﬁd effEuthltY is targetted by mid Obtober 1992.HL

Upon the COﬁuPa”t eFfect1v1ty a351gﬁ worhs shall commence
Land w11‘ have a duraulen of six months. : :

The COPtPapuOP shall also. start - the pfécurement"of a1l
-needsd materlalo.v~ﬁanu facturing-shall -commence-one month-
“after start of pﬁﬁcuremanu and w111 have a duratlon OF

eleven months.

chargs going to the’




gir ST

(IS
-

K 3 e

1

.

Ll

1!

'3

|

Power plant construction shzll commence bv mid April- 1933
‘and shall last .for 11 months.- Shipment of qlY equlpmept
and mater rials shall commence thres mongh&”iftnr the start
rcf co sttuctl 1. and w*ll e conpleted in- LlVe ranth

Start—up of- the plan shall commence mld Januarv 1984 up

_ to. mld May‘1994. Ta rgetted comm1551on;ﬁo of the plants.
.:shall be from rid Ma y to mid June SQ

a

- 4:2.1.  Safety Measures -~ . .. . - B
.trict-,implemén+a ion - of safety rules and regulations.’
. shall be [enFor ced duﬁlpg the construction’ stage. All

working personnel shmll be ‘provided .with appropriate
‘safety gadgets such as hcrd bats,_safety shqes and ~belts,

gas masks, gloves, ear plugs. .and _other protective
devices. They  shall - be ‘given safety - instructions

. rega rding ﬁncupati nal safety and healt& hazarﬁs as’ part
. of thelr orlentatio or seminar. ° R T

facillties, uEblE'uPlﬂk

'1Propew seﬂ"r?ts cha11 ke impose d and the  whole  project
area. shall be prov1dea w1th Fir equipment . . for
ala”m and conurol T : ’

(l)
y.a.
Ull
[ox
B
v
i
il

. . PR . v

v

‘Spec 'ial })ééigf{ Features
“UTo minimize—the sdver se” “envirchme

- Relnaectlng the Lsed geot“ehmal brlne/s eém condensate
- into the. ground : i o S S R

- use offélosedfloo? motive~f1uid.system"

. -"Utilization of air for cooling - f, L

|
o
W
A1)
O
h
Q
Q
|
w
0
0
or
m
o]
o
h
o
W]
p.J

S ey ey 4 o] TR T TS ST S Crigen = s spryres T e e

_ ntal impact. the proposed .
power- plant sha11 be censtrhbted with the following design -
featares. ’ . : ,~ , n T o AR

if%ry ing water and. garbage
facilities shall - be, provzded. -.Medical = staff  and . -
facilities shall  be -ctatlaned within ,the compound o
ensurse dehhate med?ca; ‘care to injaréd WO kers.-A ' '

. of ] -closed components to minimize.
noise . st T :f-, e "
,4.proper selec ion of mater als for corrOSSLOﬁ aﬁd er051oﬁ
resistant - .

7



S-S T "OPERATION AND MAINTENANCE -~ ~ .~ T

-~ T TR LT Procnss Flaw TTTET T T T e o
= The ‘binar" Yo 1e pruaegt ig bas d onn the HRankine Fowsr
Cycle which wuses organic fluid as motive fluid. Heat

S supply for the . motive fluid cag e derived -from the
P - v geothermal < steam- {flashed steam heating) and/or brine
{] (direct. brine heating). The brlnefsteam collected from the

* . separators flows through the pipe side of the Vaporiger
rm . . _The motive fluid which flows in the shell" side of ~the
‘] ) ... ‘vaporizer is vaporized as the heat is transferred directly”

: + from the brine-or steam. The resulting motive fluid vapor

, : , expandsas it passes through the turbine which is directly
= o - .+ coupled to the generator that produces 3-phase elecurlcal
w;l ' ' .- power. The exhaust vapor is subsegquently condensed in ~the
= A air-cocled condenser. The condensed fluid accumulates at
el Tl the hot well and then flows to the feesd- punp suction inlst
‘} 7 by eravity _and_  then ‘pumped- - . back . .to = -the
T .. .. preheater/vaporizer. The recycled matlve fluid entering
. " the preheater is heated while flowing in the shell side by'
the brine/steam ccndensau IEQVILD the -vaporizer which .

- - ‘flows through .the pipe" side of the p”eheater- ‘The

o ._‘j_f1~br1nefsteam condensate ‘collected at the-preheater”s outlet
kil . 7. is reinjected into the injection wells. Figures 3a and 3b
A . show the flow diagram of the Llashed . steam “and " direct.
3 "brlne blnary ycTe probess. : ' IR

"“Raw Materials and Their.Sources

5.2.1 " Geothermal Brine R A
o T The Bacoﬁ?ﬁaniﬁb,geothermal'resehrcé'ﬁéé[aﬁe&ﬁ five (5)
- - = - ' speparators - g»cuped into bwo (2} atellite - stations.

‘Satellite. station Ne. 1 is composed cf separators S3. 54
and S5  while ’=atelllte station No. 2 .is composed of
separators . S1 and S2. These separat ors shall operate at
pressures ranging. from 1.0 to 1.25 MPa  (abs}, .wellhead
pressures, ranging -from 1.03 to 1.28 "MPa (abs} and
temperature . of about 180 *C. Separated mater from - these
. "meparators shall have a flcw rate of app?’o 1matelt-v 1 78‘?‘
- tons/hr.. : : -

5;2-2 : Geot&ermal Steam

'-THQ Bacon-Fanlto resource has four: {4} unused wells (PAL-
1, PAL-8D, PAL-D. PAL 18D which were not planned to  be
hoohed ‘up -for t&e operatlon of - the 110 MW Bac—ﬁan I power

e . B

A e mme e ey e sasem e s e e e s B e e PRI 2 - e WAL A e B A oy A b A ST 0
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- - —— - - -plant. These wells are low enthalpy wells which are” not
L capable - of - sustalning enough pressures to drive the

CTLTT T T conventional  turbine units. . The unused” . wells  have
pressures ranging from 0.28 to 1. 1 MPaa and temperature of
about 133 °C to 185 °C. The NCG. content- of these . wells
rangeu' from O to 2.2 perbent The steam from these wells

};_um_.”shall have a production rate of approximately 83.7 tcns’hr';~

while the water shall have a.flow rate of  about 275.2
tons/hr. The baseline water and gas hemistry of Eac- ian
- Wells is reoeﬁued_;ﬁ Table 4, R

5.2.3 - - Motive Fluid (Normal Penthane} - -
Nornal Pcnfaﬁe is classified.as a non-toxic but flammable
. organic fluid. ﬁurlng the 1p1t§ 1 stage of operation, the
.motive fluid will be delivered on each projeéct site by the
: contractor (ORMAT). A pressurlued tank will be constructed:
to store tup metlve f‘uld . - S
o B.zla Water Supply . T . Lo .
Each proge :t sites will be provided ‘with deepwsll o
. suppl " the water to be used few fﬁ»e ~extin gL sh;pg aﬁd,
domesUlp needs. T - ' .
. -.5:3 . -Noise, Wastes, Emissions and Effluents- - - - .
~ 5.3.1 1T*Roise'ﬁf”;;j1ji;ﬂ 'f_ﬁw;;,wf',;17 L Q'I;-vﬁgf:u;ﬂff' .
N :3.~;_ /The noise level at the plant 1s expebted to be’weIT within'
T T the” standsrd” Pegulation 51nce it7is equlpﬂed with - cgmpacf B
.o and. clcsed—t&pe componepus. e e e -

-5,3;2-- Solld Wastes/gffluents
S o uOlld waote generated duvlng constructLOﬁ will be d;spbseﬂA;ﬂ
: ‘ifi a designated dump site. Temporary sanitary facilities

i:' Ll 1>.g~ will be constructed. in - order to . contain’ the . waste

'f&-J‘ji-J"i-J? L9J';

penerated by the conotructlon personnvl

directed into the d_“lﬁage canals. qewage wactes wlll e
dlspooed rnte the septic tanh. ,

L

B R TR

The - plan* will un11he7y genera*e thermal ef?luents sinbef

-_,»ﬂf 1 1 air will be utilized. for: cooling system. The = geothermal
< - - . Yprine/steam condensate collected at the end of ths process
T TTwill ne- injected back. into the ground. Rainfall will be-

B rrm—
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‘5A3-3 ) Em1351ons T A o T ‘ o e', i,-]

“There w113 be ne gas em?ssion coming from each ﬁlcﬁt since
- the motive fluid operates on a close-locop system. The
exhaust. vapor of mOtive‘fluid is condensed and flows to
U .. .the cyele ~feed . pump and then 581t bach -.te " the . .
RO N wpreheater/vaperlzer.'A- EE R — L .

]

Manpower an& Egulpment Requlrements

5.4.1 Hanpower_

Aet1v1t1es at the plant szte durlnv constiruc tien  includes

s DR .. eivil.r . works,  erection/installation., © |testing - and
] ' -commissioning. Number . of workers wxll depend - on  the
- .activities .at the site. The number of unskilled workers
o - will decrease while the number of skilled workers w111
1 . . . incredse as . the construction near completion. It
T L estimated that -about 300 warhe»o will be ?1red durlngf_
s S °onetrubtlon.j-_- S ; .
L _ e »nA ﬁumber of h1gbl skilledbte hnl 1an apd enslneers will
» . <. —-. ©be needed during-testing and commissioning of the - prlants.
= ’ Some of them may He accommodated in temperary construction
.icampe at the v1 ity of each.‘ ' :
- ‘:q . A . ' . . : : - . . . R . - L .
1_;_ 7. 5.4.2 - Eqmpment Requlrement._.__. T Tt Ll T
Tj}if::;.l Organlc Fluld Turblne f?;QQ;LVJH“Ll | f1f;h; . .Mf.:,ﬁ S

There . shall be two (2) organic fluid tub;nes coupled  to

the two Riaee of the electrlcal generator. The turblne is

AJ"_v:d-,‘. a >51ng;e o double stage, impulse type - condenszna ‘unit

I - specially ‘designed to suit the - chemical stability and
: compatibility of - the selcted organic motive fluid. The .

o -organic turbine shall- be drwven by the crgaple fluld vapor
‘heated by the brine/steam . coming rom the separator
';statlpn f the existing plants.

. The- sealing of the tLrblne shal‘ be accomﬁllsbed by &
double - mechanical shaft "seal with oil as buffer fluid. .
The _mechanieal' seal - ‘shall be . of the ‘cartridgs  type

"~ designed Lor _easy malptepanee and elmple ‘approach for
replacement e o
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. and “baffles. The shell sectlcn 1s a cyl*ndvlcal

'5.4 2.4 Air Cooled Condenser

2 Vaporlzer

“Tﬁé“

~The

-*envelope made of carbon, s*eel Relatlve tﬁerma‘

- The

vaporizer -is a horizontal " tube and’ chelT . heat
nchanger. The tube section.is made of. carbon. szael with
tubea ending in tubesheets and supported by support plates

envelops
made of " barbon steel. -

e

RelatzVe thernal paﬁ51on betheen ﬂhell and tubeu is
compenoated by a otavnle 5 steel ex pan51on aoznt .located
on- the - Quuer.envelope.y~v. - ) Vr R

Heating f1 luid - lows throuah the tuhn sactlan wh11e “the

organlb f‘uld flows and- evapovqtas 1n,+he sﬁe’l qectlo’q.

A 1eve1 transducer is mounted on . uﬁe vapgrlder in- ﬁrder to

- control} the motive fluld Jevel for. optimal’ powar ocutput. A
"sight glass is

mounted on . the vapcrlqer 81de for,_llquﬁd
level 1nﬂlcat1onr. _ _ o .
- 5.4.2.3 Preheater’ e L '12"i .

prehsater is a horizontal-type shell and tLHes“-ty'

heat exchanger. Each tube bundle is made of ".stainless
stesl tubes end1ng in tubesheets*and aupported by - support.’
plates and  baffles. The SHell ‘section is a cvllndrlcal

- expansion
~of the'-shell. and tubes arE"compensated by _a stalplesq,,“

'steel expans on. JOlnt located on the ‘outéer envelﬂpe

B Heatlng fluld (geathermal brlne} Flows thrcugh the tube__
" section - of the preheater wblle thn;

through the” shell section. T -

*pha»ed"afift 'aif'"éobled'
f?uzd is dLstrlbuted in the -

tubes

bonﬂevbe; 1s an
exchanger-v The motive
that ‘are arranged in ope—paos CGHI‘QHP&thP

fluid 4is codled and condensed while flowing in
by  the  air which Flows cutside of -

the
flnped tubes

tubes
in =&

crossflow rattern. The condensed motive fluid accumulates .

in . thé outlet box from Wheve it flows.by gravity to. the
.motive-—fiuid  Ffilter and -pump . The - condenser tubes are
manufactured of carbov steel w1th a7um1num fins wra??ed on
them.

11
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worhlng fluld isj

The motive
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T Stx;Z;S“LFDrced_Aif Cos¥er™ ~ ~ =~ = . - s e
7. .77 'Forced ait ctolérs will be used to cool the working fluid o
o .. - in the condenser. It shall be designed under the following
. oo _conditions: = ' ' P o
. . Wet Bulb Temperature 21. 45 °c e i
Dry Bulb Témperature. 22.19 °C
T . o . . SR )
o Relative Humidity - --»° . -- BB.T% (meart.min. -
L . ; o .94 45% (menn mar-}' .
e 3008 ) ~
] 5.4.2. 6 ﬁlscellanecus Equlpment ' : '
= ' oo o C e T
‘ 4 2 6 1 Compressed Alr’System' o o T s
f]'-' .Tf _  ’ The Wurpbse ﬂf the systvw is to qqu ¥ the COom “ressad ‘air
o _ - V" necessary to operate and control ~actuator’ of valves,»
— -+ contrel  valves and other pﬁeamatlc % components. - Theé
: . S compressed air will be used .=lsb for ‘cleaning plant
o i auxiliary = equipment accessories  during , preventive
e T ma;ntencnbe‘perlod.ﬂ,; g e e L
. § T ﬁ cnmprnsqor =ta01on shall He Pﬁbv1dcd Wlth tbe ‘necessary
3 ) S <:f: cooler, filt ter and dryver to ensure the supply o’, oil~-free.
] .. and purified air to the regulating devices and instruments
;m_,—J;_¢'_;w;~;m of _thé plant. It is self-controlled and- stawts and . stops -
i . ’ aﬂ+omatlcally ‘acc ﬁrd1nb‘ to the . zir - pressure. in - .the
e .. . .. - distribution  header. A" reservoir is ‘installed at the
a ’ : cutlet of the bompressor station. A_compressed air piping

system &hall be provided to distribute, the air’ to plant

) equlpments‘_Thc ‘line shall be -equipped w1th ‘moisture traps

- - . and- -drairis as well .as with the necessary insfrumentation
' to enable tha eoncrol and m@nzterlng of the system.f

- 7“_5.4,__2._&;.2Lubricat'ion 01l s'ystem"f- S

A common WLDrlcaflng ‘01l svsteﬂ shall bﬂ”prbw;ded for .the
turhlpe bearings. 111ary drive, generator bear;nmb, and
exciter bearing. Thls system shall be composed of main oil
tank. main o©il  pump. oil purifiers. 011 ‘coolers, o©il -
‘transfer pump., auxiliary- 011 pump and vapor ewtrabtor

=
SV

. =
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i

Firé prote etien sisﬁs&'s all be installed to safeguard
the power station agsinst combw t‘ble’flnﬂmablp .element .
such as f rced ailr cooler structure, generator coolant.

. lube oil- reservoir, wnrklnﬁ 1uid tanks. seal o1l tank. .

e tann and 1n the bhlldlngs.‘, S S I

.7 Senératﬂn and Auxiliaries

) Jube . il Dur1f1er‘ maln tranoformer and tLrbu—oenerator
set. .

v
-~

Deepwell'ﬁill be constructed to supply watér to the water

station - through an underground water -line. The motive - -
filuid storage tank arésa wxll be also supplied with water
‘via - the water line to sp”av water in caoe ‘of HEbBSSlty to

Acool the tank

Fire water_ statlon sh 211 bcn51s+ oF' hydraﬂus--anﬁ, f*ra'

“water hoses stored on spools and ready to be. ‘used. The.

number of statlon and .their location 1n the plant are

. dgsigned, - that the areas in the plant .where fire . can
- orlglnate or be spread w111 be w1tH;n reac h of. the .water‘ -

ystem.‘ o

The fcentrol“'room shall be protected against fire by a
‘Halon. -extinguishing  system. This  system— operates
autﬂﬁatlcq ly in case of fire.- : . .

' The deteytors (Fydrobafb01 gas, smoke‘ flamé) shall ba

placed around the yuerne/generator, motlve flle .storage

5.4.2.8.4 sﬁ.‘a}ﬂbyimm;i;ii B AR

-

[
o]
0

s
om
[}
n

dieéel;érivéﬁ standby pump which can be .started
f power- fallure shall be prov1ﬁed G e

C)D?

1 Genevator L - e,
The generator is a qynchronoaq type. bruahleos,. 3;phééé
cair cooled, weather protected, horizontal tyvpe machine. It

~has a dual shaft exten810u to enable it to be ‘driven by

two - turbines. It shall also have flange-mounted sids
{sleeve)} bearings which are 0il pressure lubricated. The
‘pearings. are - protected -against the entrance- of- dust. - -

- moisture and salt— aden air.

13
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' ) - s - - . . L . - . . . . -

e | A suitable connectich box {sepsrate'fbom the hain £6pminal
] ' - boxY - is furnished for all. t%erm‘auars.__”yemyergpugem
- : detecters ‘and space “heater leads t '
= D 'The nornal oparatlnﬂ Charabterwsnlﬁ of the generator are
] as follows._ : - o ‘
- Maylmhm boﬁtlnuous rati P‘f at 0 80 : "2,000/500 KW
] lagglﬁg power factor N R , v
,.i_ngoutput at 0.80 po f—.-ez* Lante» Lo 2,500/5 5 KA -
:;] S '_VoltagE‘atvgenerator términals . -z '10 8 KV
w] S . Speed : 3, sno RPM
L . Freguency. - - 7 : 80 Hertz
1 " . 7 . Winding Connection .- . : - Wye-Connected
;A‘b ' » -‘7-. .- -‘ R - e e - f . - - . . : \
] H:4.2.7.2 Senerator Transformer .
T . The . generatov transfovmer -s%all be connected ‘to ;| the P

geﬁerator unit in three phase. It shall be oil-immerssd,
. self-cooled, outdoor type, equlpped with off-load’ tap
changers ont both the high and low voltage . windings.- Its
" design. shall  take into'qcnsideratibn, the presence of
<.__;¥1}’siz’f?gen;sqlfi_dg<H2,S}_;_i‘§;;§b§_a@mcsph_sr.e,,,., I U

-
‘

| F‘l“,-' A';_l
-
R

N : .
; .

|

|

i

.

.
,

5,3 g

5 4 2 7 3 Unlt An3111dr§ TraDSfcrmer o w},lij .} - f’v

'JThe “unit HURllld“v trﬂnsformbr Shdll be dry “Lype *selféfj v
lcoolpd equipped with off-load tdp-ﬁhdager'nn thp “high .-
VOltng w1nd7nu Hnd bp PHOlOSPd 1n thP 13.8 KV mpfdl clad

sw1tchgedr,

vt

2.

4] g;

X

gm,

fﬁfa.u.Y 4 Unlt Statlon Serv1ce Transformer:

A 51ng1e -unit ‘power. ‘transformer w_-_‘ba provided during
construction and .start up/commissioning of the  Binary
~unit., It will alsé_serve_as station service -transformer
after the duration of the project.: It shall be ocil-"
1mmersed self- coo‘ed onydoor ty o T :
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s - o /U4AT2 775 Switchgear

;w] . ©TT T 77 The switchgear shall be metal-clad type for operation on
! '13,8 _K¥ and 480 V, 3-phase, and shall be manufactured in-
““] . . .mccordance  with the. latest edition of ANSI and NEMA

— ' ' S aﬁdarda.y : - : ' ST e

*;] B _,5,4;8'_ ngh Voltage Sw1tchyard e 1’ '_ R

i IR _ The sw;t hya”d shall bea of +be conventional desien using -
S _ SFs Gas Insulated Power Circuit Breakers (PCBY. The PCB
- - - - 'shall . be provided - with  an automatically “operated

compressor = to provide air for its opening and ~closing

' action. A pressure gauge shall be provided for proper

T monltorlng of the pvesence of SFg 1ﬁ51de the breaker tanh
- I A1l elPCtPlCdl pdnel 1nﬁlud1ng the PFB tdnks mIst e
- - - . palnted with the mos st suitable anti-corrosion pdlﬂt while
. . -.. . the  porcelain 'iﬁSﬂldtOT_A shall be regularly cleaned to
Doy ) .. preclude - the accumulation of dusts and  other . corrosive

]-,' AR particles which might" trlggpr flush—ovpr when mozufurp was
"o A 1ntroduced by nature. .. S :
g;] R 5:%}Q-f_'ﬁssdcia£ed Transmission Line - ' R Lo
E‘”L]l o . -The proposed interconnection of five separate binarv'puwaw'
BT ... plants ; with an dggwpgdte capscity. of mporox 1mdtply 1I6.2 MW
== R o _,“j-lncludpa the construction of 51 ki of 13.8 KV . single

circuit trdnsmlsu1on line oa'woad pole structure utilizing
‘No. 4/0°ACSR and terminating at PAL-1 Power Plant. A& - 20
MVA, 13.8/89 KV power transiormer will be installed in
"PAL-1 Pawpr Pldﬂt o stpp—up thp @OWHT gPﬂPTdth by tbe

- Ll ;‘ld.nt - S - -
nell rery - of the pnwer ﬁenevaued by the plants .shall be
“through a & kw, 689 KV single circuit transmissiow line on
“wood poles msing 'a 1 x 336.4 MCM ACSR which is to be
tapﬁed to the 6Y15t¢ﬂc Sq KV single c;rcult trans missia“
‘ 1¢ne at Tap Tubl;aeﬁ—B C~Faﬁ I to the.SS-K? singlé’ciréﬁit
transmission line ‘going to Daraga - substation &8 ° KV
‘'switchyard. The proposed associated transmission 1line
will e protected by & 69 KV power circuit breaker and
B . other protectlon equipment. Figure 4 shows = thé pv0ﬁosed
e  scheme- of - rbonnebtlod -for- Bac—%an Binary chle
-Geothermal P“ r Project.
-, 15 -
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BoE - Expected Proaectfo1ze dnd Scale

~The BdC‘Mdﬂ B?ﬂdrv Cycle Power Progpﬁt is  ewpected to
coatrlbute 165.2 MW tc thn Luzon grld . :

The eutIMdth PO P(t cost is ? OS.,U 8, ze
_Uss 28§7u2 178 forpt and B 118,370,487 1o tiﬁnf. It
- . ‘15 .expressed -in 1992 Price vael at B 27 psr US31.00
;] . _ S exchange rate. The five separate binsry power plants are
. " . .- .expected Rk e on stream thrtlag May 1994 Thp PPOﬂOMl“ o
o R llfe of the power plants 15 20 years - o

!.1

5.6 Maintenance S S
. Pericdic ’mainteﬁaﬁcef shall be strictly observed during
: _ ‘plant operation. The plant should undergc annual “or
—_ semi-annual - shutdown  to. regulary. check . the plgnu
' o . facilities Tbased on  the recemmendqtloﬂ cf - the’
) _ -manufacturer.’”. . R : - :
_— "‘_;-6-0_-' COHTIEGEHCY PLAN
ey o The prcposed power p;aﬁts were designed to  withstand
. ’ ‘natural calamities such as typhoon, rainwater, -flooding.
3 ‘landslide’ and .earthquake. Each p;mnt will be equipped with

£ .. firefighting equipment to protect the whole plant. in case
- T of - fire. Sophisticated detebtlon system will be’ porvldgé-

. a”ouﬁd . the  0OEC Lvlts, mot;ve f1 uld storagc tan l and” in
- 'bulldlngs._;, T Ll e

70 wmmm

o .After- o ‘years of service, the ﬁlan* ‘will not be
o T _ecanomically .viable . to coperate anymore. All. usable’
R materials will be taken out. Equipments_which'ére in good

. 'cend1t10n will Ye . utilized as spare parts of - cther
S - gensrating units. "Building and other permanent struc tures
P W . will be left and . used for other. purposes. . : L

8.0 IBEB’I’IFICATION EWIRQWTAL mmcrs e

. S Probab; e env1ronmenta1 impactsf asf, prese ted * in
o-- o oo Appendix AL - e DU S e
i -
- ’ " - L‘
./-/'.
ot T 4.




. TABRLE 1 L
LUZON GRID o ro

- “BEMAND -AND-ENERGY ‘FORECAST-——~ IR S
b p ’ t s ( . ;

i

A R . % Zales Level

I
ol

. Year - . Energy (GWH) - Demand (MW) ) )
(Actuwal) . . ' : X ' :
1986 S 13535 . o 2311
1980 . - 1780 - . \ . 2885 _ -
Growth Rate (7) . , ‘ ' -
- {1886-1890) o 6.8 : 8.7

{ I i v
o

. {Forecast) . ‘ o
' 1991 N 18402 . : 3013
1885 c 24888 o - 4072 -
- Growth Rate (%} : : o : -
) (1e81- 1995\ BT - 7.2 : 7.1

-

[ A B
il el

1995 ' -2
2000 » .. B
- Growth Rate (%) -
(19Q5_ogn0\

88 . - 4405
15 6029

VLo

-

. 2 .. . 8=
9 L 6480

2001 &9 o -
07 8647 -

. } .3

: T2008 B2
Growth Rate (%)} - - o o .
-(2001-2005} R A - L AL * S

l - .
li

% - The. 1ndlcated sales data Smearlues “the energv and

o 2 ard !n.-\.-u

L demand data at tje. geﬂera+1on load requirement using :
: - "'certaln acsumptlan on’ load factcr= and system lasse
3]’ ' . .
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LUZON GRID

:] R  TABIE 2 K
. ____ .. . DEMAND AND ENERGY-FORECAS SE et

i S S Sales Level Generation Level . Asaumptions_{%)_
' Tear. ~ Energy (GWH) Energy (GWH) Demaznd (MW) Load Factor Losszs

(Actual)

] 1986 . 12347 - 13838 2311 - §6.86 8.78
- - 88T ' 13274 . 14455 . 2443 87.55  8.17
o 1988 - 14707 15438 . 2882 . £8.26 4.74
. 1988 15187 15488 o ar7zs 68:97 7.83
n - 1880 17181 17601 . 2885 £9.64 2.50

- @Growth Rate (%) : : ‘ , : ; » S
—— 1 {1886-1880) . 5.8 . £.8 , 5.7 L= -
(Forecast) . S o
.1881 S 17842 - 18402 3013 0 . £9.72 2.B0
! 41992 L 16234 o 19727 3230 Bg.72 2.80
. ' .31983 - . 20818 S 12247 - 0 3483 . . . 68.72 2.5
' 1994 : v 22103 C22ET0 - 3712 - 88.72 2.80°

7. 1995 . z4mas - 14888 4072 ° 89.72 2.50
. . Growth Rate (%) S R ) ,
C - (19g1-1995y . . 7.2 . 7.2 7.4 - =

1996 . 28226 3s898 4405 89.72

2.50
R 1997 28376 . 39104 - 74785 - BE.TR2  2.50
T 1998 30703 30480 . BiBE - B9.7Z  2.50°
©. . 1989 .. 832213 - 34072 5578 . 68.72 2.50
—4 - . <lopopg- ——--- - -34895 -~ T38815 7. TTOBDEE T TUT89ITZ 2.0 T T

Growth Rate (%} o . : - o
ﬂm]'z" (1gge-zo00y ...~ 82 . 82 82 .. -~ -

.
V3]
3

2001 0 - 0 . 38580 - 39568 - 6480 72 . 2.80
2002 o 431473 42837 . . _e6g8b .  _88.72  2.850
Mi] 2003 ~ . 44584 45727 7487 - B9.T2  2.50
L2004, . ¢ . -4882 69155 7048 - BR.72 2.80 -
SN - 2008 . - .B1487 - 52807 8847 . 69.72 2.50
wﬁ] Growth Rate (%) - - : R : e

(2001-2008Y - . . 7.5 . - 7. 7.5 - -

I

18




- oy
7 abled | o . - . .
— . BAC-HAY BINARY mmﬁwmx..m Eﬁmﬁ C ) : : , . o
. ' _Recononic Analysis ~ —— SRS o B e e St
- . (In 2illien Mmmom,.. . _ . . .
ngma ?mmmu H {BEREFITSY
IR S . Gross - Mt 1 . o
T © Referepee  Iov. OxH wP Total  Geme  Gen. | Rnermy  Goosumers Will Net
e Mo. Tr. fost  Tost Cagt fust G @b 1 Gales @ Pl
et 0 1992 134.20. R - % | . |
1 1993 - 628.28 - - e 626,28 o S
2 19 13420 1148 16.18 16185 - 8676 GLI6 4B % 134,18 -134.20
3 1985 - 99095 3236 - 56.010 1343 1023 8 (TR 4 1 P R 7 N
4 1888 - 9395 32.3% 8530 AR 192,32 .M 268.32 -21.70
- 5 1891 - 99.95 3236 65.01 11353 10232 90.04 268.32 213,01
§ 1888 R I X 55,31 113.53 10232 9004 268,32 213.61
w 7. 199§ S 1w 2.3 5.3 HAE 102.32  %0.04 268 21301
e § 2000 Cogpes 3236 5.3 13 102 §0.04 2832 - 201
R 11} o 9995 3% 583 LA 023 - .M 283.22 .01
- 10 2002 R : I 3235 5530 11353 10237 WM R S £ K1)
S 11 2003 9985 . 3236 5531 HAED 2.2 - §0.04 268.32 a3t .
, 12 w04 - R 32.36 ° §5.01 1IASY 102.32 . %004 260.32 213.01
13 . 2008 s 1B 5.0 11351 (10232 ge4 20832 213.601
- I oows _nmH RA O wA s e 8 R R TE R
D | S 295 R3G 56,31 11353 10232 . 968,32 13
1 w08 9945 2036 5531 11383 10e3 .04 3682 213.01
17 2008 -223.67 9385 2.3 8531 MR 132 §6.04 268.32  436.63
ME mmmu 759.48 L1015 - wmm Mm L S» 90 - .. 48L0T. 4 i, 281 38 mmm 88 .
| .W.Mmm T T T R
- Aomptiosl T o E et T -
S Mmoo MEOE et S e
-y . . . Beosslap. .. 16.20 He : ‘ U _ S . . L
Inv. Gost .. B94.58 iilion _ . o . o . . .
0&¥lost 22.95 Pa/Tr (20.55 Yo/In} _ : . SR
Brine Cost $.2852 Pwk S - : L
. Pit. Facter 0.80 S T
Trans/Dist. 12,003 o . I A : .
Bxch. Rate .80 - . E . )
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L1

- | S . CE . Table 4 ‘
_~ﬂm] Basellne Water Ghemlstry (BAC HAH Wella)
- - WPH - Samp11ng Pressure ~ NBa' c1 S04 5102
__,w,,] . - -(MPaa) ~ (MPaa)" e~ 7 (meg/kg) (mg/kg) (mg/kg) (mg/kg)
& _ PAL3D 2.51 0.398 6.38 39854 7248 21.8 .. 700
' PALAD -3.35 . 0.349 7.51 4136 7551  22.7 - 764
~—=8 par8Dp - 4.44  0.619 __ 7.16 46300 8544 7.6 _ 1062
L PALSD 2.39 0.094  7.68 4774 ~ 9088  20.8 865
PAL1O R 95 - 0.980 6.66 4394 | F87T7T . 23.9. . = 807
L. —w-4 PAL11D = -3. 45 . 0.838 6.79 4450 - 8502 219 - 763
. §  PAL12D 3.29  0.839 7.03 5030 . . 87719 18.0 822
- PAL13D ' 3.%4 ~ 0.910 6.84 - 4639 8413 - 18.0 @~ 839
[:"* PAL14D 1.37 0.556  7.15 . 5200 8607 . 12.% 814
5' PAL1SD Z2.54 ~ 6.340 . 7.25 4580 9593 26.0 - 808
[E’El o - Baseline Gas Chemistry’ o
], . . 'Sampling B ' | | ZNCGe
-~*gﬂ . WPH Pressure = €Oz HaS . Rz ANCG 0.7
5 - (MPaa) ‘(MPaa} (-nnoles per 190 noles } . TD MPaa
e ] PAL3D - 2.51- 0.570 - 169_ o 5.55 - 0.41  1.55 -
. PAL4D 3.35  0.348 321 . .6.98 ° 0.2386 0.78.. . 2.60
PALSD 4.42 ‘D_619 772 89.60 . - §_374 1.96 . 4.79
PALSD = 2.3% 0.429 105 3.98 0._310 0.26 1.16.
f—v PAL1O - 1.82 - 0.804 620 13.70 0.461 1.54 4.50 -
_ PAL11D . 3.46 0.812 1084 - .-12.80 0._700 . 2.80 T7.60
PAL12D 3.27 0.839 327 5.78 0.953 0.80 -2_90 -
PAL13D - 3.537-0:910° 264 7.00 © T 0.330 ~0.64 2.30
PAL14D = 1.37. 0.551 255 - 4.39  1.200 ©0.62 . 2.00
PALISD -~ ~2.54°°  ©0.463 151 ©5.10  0.620 0,40  1.99

Bote: TD - Total Pischarge
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. | 3. Evaluation of Proposal
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24

Technical Proposal c ,

5. Tech/Commerclal Negotiation B Contract Effectivity |

* - 6. NP Board Approval

4 7. Contract Approval/Signing .

i | consTRUCTIONACTIVITIES . | !

R "1, Design T

3 - 2. Procurement - o 111 '

i 3. Manufacturing |
"4, Site Ready for Access i
‘5. Power Plant Construction " ;
8. Shipment of Equipt & Materlals ’

c ‘ 7. Geo Fuid at Plant Perimeter m

- 8. Grid at Plant Perimeter

? - 9, Start-up of Plant

: | 10. Commissioning ‘
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