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| '_-EGONOMIC=. EVALUAT'ION |

-As stated 1n the foregolng 1tem 2 3.1 deallng w1th the power tranSM:

mission. plan, there are three alternatlve systems of AC 500 kV,

".AG 230'kV and'HVDC'for'transmisSion of geothermal energy'athongonan

to”San'Jose'Substation situated in consuming nenter.of LnZon.

The SUrveyﬁTeem hes puttaside the AC 500 kV'plen.out.of det&iled.
: economlc comparlson ln terms of constructlon costs, because the
'-sald plan ranks obv1ously at - the worst h1gher by about 35 percent

"than the AC 230 kV and by about 70 percent than the HVDC plan

4.1 Foundamental ConditiOnS_for.ECOnomic Comparison-

- Economic comparison covers the transmission system over total -

Iength ofteboot:BOO‘kmﬁfrom Tongonan_sﬁiteh Yard of 138 kv svstem_'

' to San Jose Substation, since the Project plans transmission of

' ”poWerifromeongonan_Geothernal Power Plant to'San Jose Substation:

sitneted'infthe snburbs of Menile; However, the scope of evalua* -
tlon w111 exclude the 340 km sectlon from.San Jose Substatlon to o g

Naga Converter Statlon, 31nce the Sald portlon 13 planned deflnlte— :

_.1y for constructlon of the AC. 500 KV transmlselon 11ne. It should
;fbe noted however, that the AC 230 kV transm1551on plan w111 re- -

i'qu1re operatlon of AC 500 kV for the San Jose - Naga sectlon from

" the beg;nningoflgﬁﬁ.scheduledforstart*upofpower transmission -

from Tongonan Geothérmal Power Plant while the HVDC plan is.

*40fﬂ'



scheduled tb“séep'up 1ts voltage rating to 500 kV with timeflég: '

until 1991. The cost difference due to time lag in stepping up -

| the.ﬁoitage bétﬁéen_the AC 230 kV transmission and HVDC plans has

© also beén incorporated into the economic evaluation. ~The evalua- .

'tibn:refledté,.besidés the ébb#e_timé‘iag,'possible diffefeﬁcé‘in :

_poWer transmission energy 1os$”in“the angonan-S/Y ~ 8an Jose S/S

‘section between the two élternatives.

4.1.1 _CoﬁStrucﬁibn_Costs '

Construction costs for the section between Tongonan Switchyard

- and San Jose Substation may be estimated as shown below. - Note,

however, that such costs are based upon the price level as of

March 1981, not taking into account ény interest accruals during

construction and price escalation.

Unit ="10° US$

_me

TAC 230 kV°

Items T
' lst Stage

2nd Stage

1st gtage:

2nd State

Direct const. cost 1213.0
Phyéicgl contingency . 16,0
Eﬁgiﬁeering & adm.” |  10.2 _

NPC'S_Eng. enducation _£‘0A2:

#172.3

.710 |

:'4.5.

04

- *.307.0

23.0
7.0

0

' 167.0
12,5
4,0

0

- Total | 2394

183.9.

©337.0

. 183.5

Note : including voltage step up costs from AG 230 kV to

AC 500 kV

~4]—
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Energy Loss=

'Generally,_the applicable method of power loss evaluation may be 3

divided into kw-based and kWh based assessments.. In the case of

this Pro;ect, however, it is considered reasonable to evaluate

'5power loss only in terms of kvh because power transmission pro—3 -

'-posed under ‘the Progect is intended to take place of the ex1st1ng
5oil-fue1ed power plants._ Then oil fuel prlce for evaluation has

; been considered as the price as of March 1981 the_basic time

'”_p01nt of this economic.eyaluation, On the above'basis, energy .

sloss'has-been'assdmed as follows:

. TrsnSmiSsion'energy:loss # 50 U, S mllls per kWh

4.1.3

Where, 32, 0 .S, dollars per barrel SR

' Opportunity-Cost'of Capital and Discount Rate

The dlscount rate has been determined at 10 percent per year.

,This dlscount rate is regarded as the. opportunity cost of capital'

h When viewed on the capital investment side and is normally the

expected minlmum rate of return for a. progect in the case: of

'there heing ilnanced by the I, B R D Cost compsrison is there- :: -

:fore, made between the two alternatives after the progected cash

- flow (cost flow) for both HVDC and AC 230 kV plans has been

discounted by the opportunity COst of capital

'y



,'4.1;4 .Périd&:faf Enaination”..

| fongonan Geothermal Power.Plant.es planned for future expan31on.
to complete Un1t No. 4 thru Unlt No. 11 by 1986 and subsequently .
.to Un1t No. 21 by 1993 The durable serv1ce 11fe of the geo— _

':thermal power plant is stlpulated at 20 years. Under both HVDC
and’ AC 230 kV plans the transm15510n 11ne (1nc1ud1ng submarlne
;cable) has ‘a serv1ce life of 50 years and the substatlon (1n;_h_

e cludlng converters) has a 11fe of 25 years.

Although the Pro;ect constltutes varlous components dlver51f1ed'
'-'ln each durable service 11fe, the cash flow ls prOJected on the
basxs of 30—year durable serv1ce 11fe uanormly countlng from

'1n1tlal start—up.of operatlon.

4,2 'Result.of Econonic-Evaination
.The beneflt—cost ratlo has been compared -as. follows between the
. HVDC and AC 230 kV plans arter dlscountlug by 10 peroent as the
N cap1ta1 opportunlty coqt the total cash flow 1nc1u51ve of con“':

:structlon, operatlon malntenance and energy 1oss costs.e.f-
© B Benefit (COSE for AC 230 kV) 786.9 x 105'Us$.'
C COSC (Cost For HVDC) *.'; 711 2% .10° US$

786 9 x 10'3 US$/?11 2 X 106 US$

B/Cl

B

1 106



5. FINANCIAL ANALYSIS AND FINANCING ARRANGEMENTS
'Some'hypothetical conditions ate-requiréd for financial analysis

and'finaﬁcing plan for the Project.

Ca) :Péﬁer.ﬁafe
'Finépéial analysis_is_éhown'in'the;iﬁcome statement and in the
cash flow sté;emenf.of.the'prdjéct,.and Garious power rates afe:
applied for caiculation'§fireasonable return rates. |
b) 'CQSt |
- The cost fof'thié éﬁélyéis'iﬁCiudes_the'élldcated portion’ of
'cdnstructién cost féi the AC 500 kv transmission iine from
Saﬁ José‘suﬁstatiCn.to.ﬁaga converter stétioﬁ,-the total HVDC -
.éoSt'éﬁd'thé bowef genérating cést-at.Tongonan.
c) Egaluafibn-PEridd' - | |
Both.income-statemént and”césﬁ :15w statement are calcﬁiatedffor

' the_period.of-zs'yeafs after commencement of the:projéct.'

5.1 Financial_Analysis
Sensitivity of the return rate on the average pawer rates and
increase in cash on the interest rates are shown in Table 5-1 and

5-2.

According to.the;abové,-therretuin rate is'ekpected to be about 8%
a few yéars affer_the start of operation in‘ the case of average

power rate of 75 US'millé/kWh.:

—44—



5,2

In the case of 6% of 1nterest raﬁe for the'foreign fund, ﬁegative

‘cash flow just aftér'the commencement will be recovered graduéily
and considerable amounf'of infefﬁél résafﬁe is'pbssible after about -

ten years.

-Finanéing Arrangements Plan-

' Vast sum of investment will be required for. implementation of this

Prpjéét;
_ . _10®uss
. First Stage :l'Secoﬁ& Stage . lsgﬁglgé'
. Ttems : ' ~ '

F.C | D.C |Total | F.C. | D.C | Total | Total

Direct const. cost |162.1| 48.8 |210.9| 76.7°| 15.6| 92.3 | 303.2
Indirect cost | 23.3| 18.7 | 42.0| 10.2| 6.2| 16.4| -58.4.

| Price escalation | 57.9| 41.6| 99.5| 73.7 | 51.1|124.8 | 224.4

Totél_cdst required | 243.3{109.1 | 352.4 | 160.6 | 73.0 | 233.6 | 586.0

The foreign cﬁrrency.portion of such costsg should be financed by . -
the fund of low interest, ldngér term of répéymént;

The local currency portion should preferably be financed by  the .
Philippines vaerhment; If it is difficﬁit, the'iﬁpoffant_thing

to'do is_to seek any avéilable”finéncing source which can afford

any loan fund of low interest rate, longer term of repayment, same

as in the case of arrangements for the foreign currency portion.

45—




' : Table 5-1 Sensitivity of Reiurn- Rate on Average Power Rate

' Power Rate o I
(US Mill/kWh) 65 S I
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Table 5-2  Sensitivity of “Increase in Cash™ on the Interest Rate

Unit: 109 US$

Interest Rate _
. ' (%) 4 6 8 10
Year el ‘ :
1982 0 0 0 0
11988 -1.2 -1.8 -2, 4 —Snl“
1984 -7.8 -11.8 -15.7. -19.6
1985 -9.7 ~14.6 -19.5 -24.,3
1986 3.1 68.2 63.3 58. 5
1987 71,2 66. 2 61,4 56,6
1988 68.4 63.2 58.1 2.9
1989 61.5 54}0 46.5 39.0
1990 57.6 49.6 41.5 33.4
1991 107.9 99.9 91.8 83,7
1992 148.4 140.4 | 132.3 124.2
1993 1576 | 149.5 | 1al.s 133, 5
1994 155, 1 147.3 139, 4 131, 6
1995 154. 3 146.7 -;39;13 | 1315
1996 154,38 147.4 ' 140.1 '132.7
1997 154.7 147.5 140.4 133.3
1998 ' 149.3 142.4 135.6 128, 7
1999 148,5 1420 135,5 129.1
2000 149.2 143,1 137.1 131.0
2001 150, 0 f 144,14 138.7 133.0
2002 150.9 145.6 140.3 135.0
2003 161.7 | 146.8 1419 137, 1
2004 152.5 148.0 143.6 1391
2005 153.3 149.3 ‘ms.2 | 141.1

_..47.__



6. RECOMMENDATIONS |
D) .ImpiementatiOn of detailéd-deéign'(D?Ss
In“order'to'compiété ﬁhe-first stége'éoﬁstfuétibﬂ by thé.gﬁd'
‘of 1985, .the detailed design should be. c.‘or'nplet::e'd‘ and the
tender'documents incldding.teéhniéal specifiéétions sﬁogld'be
prepared during 1982'at.thp latest. For this réééon,.the

detail design must be started as quickly as possible.

(2) 'Consirﬁction fund'procutemeﬁt
It is essential that négptiétibn wiih the related ageﬁties
.sﬁoﬁld_be made for.obtainiﬁg'ihe'fﬁndjhécessary for this Project
.-at'és:ah earliest opﬁbféunity as possible and eﬁery effort is

made to realize the project.

(3) Sufvey'bf Subméfiﬁe cabie'installatioﬁ route
| The subma?ine cablé.ihsfaylétion route mist be surveyedlin
de;ail.bééed énthe prélimipary survey reéult.conducted in
March, 1931-ﬁef0re.tendér of the c;biéfinstallégién starfs.
(4) 'Sﬁrvgy of grounding éléctréde sites
Regarding.groﬁﬁéing elécffbdéé:of the Jaro énd.Néga éoﬁVer£er
'éta£i0ns, survéyé fér:seiéctiﬁgffor siteg and deﬁéil:design.

of the electrodes must be executed.



(5)

(6)

(7)

(8)

Salt contamination survey
Salt contamination is an especialiy ctuéial check item for
HVDC equipment. - Salt adhesion to insulators must be measured

throughout the whole planned area for detailed design.

.Earlf start of land proéuremeﬁt

Procurement work of the sites for comverter stations, trans-—

mission lines and microwave repeating stations must be started

cwell in advénce_so that the'land=problem will not cause delay

of 'the Conétruction schedule,

"Microwave system

As informétion transmission bétween éonverterlstétibns'is
éssential'féf.HVDC;transmissidh.and thé transmission_spéed
muét bé fast, microwave éircuifs are eséeﬁ;iai, pr§r0v§l §n
use of micféwavé Sysﬁem,.including alloéation of;the:fréquéncy,
must be obtained from the‘authdyity at an early'sﬁage, 50 that
né.inCQnﬁenienCe_ié caused in ordefing.thg equipmén#;

Also, détailéd field‘surveyS'must be conducted weii in ad?ance

for selection of repeating stations, so that the detailed

_desigh can be established in the early stage.

Adoptibh'of.fﬁll furn4key syétém

For the.purpdse of smooth progfess of the construction

process and for established responsibility,systém, ordering

-fﬁQ—Q:



(9

110}

‘on the full turn-key basis, in which all prqcésses are1

delivered éfter‘installation'adjustment and trial operation,

is most preferable.

Sﬁare submarine éaﬁle

-In the preliminéty désign, two (é)ISuﬁﬁaiiqe'cabies are to Ee
iﬁstalléd in the first stage and installation éfié'sﬁare cﬁble
is not planned. :Hdweﬁer,'in view of.tﬁg fact fhat thé Lejte'
pdwerltraﬁsm{ssion line is a very important power source line =
for tﬁe Luzbn'poﬁér_grid,'aﬁd if véfy“high'reiiabiiity”is 
needed, inStalliné é épére cable may have.tﬁ be planned. Thé

decision must be made after careful study.

Operatiorn, maintenance and training

Operation and maintenance of HVDC transmission equipment in-

‘volves much' of new technology and highly developed techniques

are vital.

Therefore, sufficient training must be given to engineers who
engage 'in the operation and maintenance to secure enough

‘number of'HVDC eﬁgineefs‘béfoteftﬁé operation starts in 1986.

Since such traihinglﬁontributés improvement Qf'technolbgy'
level, such-fréiﬁing program must be planned and enthusiastical-

ij'impiemented allowing sufficient time. .

50



(11); Coéperétiﬁe operation ﬁith Toﬁgbﬁén Pdwer Plaﬁﬁ '
Close gooperation'betwegﬁ Fﬁe}génergtofsIOf'Eﬁé Tdng;nég'
gedthérmai.power ﬁlént and HVﬁC is'#éry:imﬁoféaht. ThéigéCéSf
Sity of close gpéﬁeration in fhe design-étége st nét bé: 3-
neglecfed wh;n planning additiohai'iﬁstallafioﬁ of'the.poﬁer

blént.

(12) Power System Stabilizer (PSS)
Necéssity.bf installing PSS in genef;térs for stableroperétiOn'
of the éﬁ;ire power system, inéluding HVDC,.hasabéen provéﬁ-
'fhr&ugh sy§tem:ahaiysis.‘ PSS must be_inst@lled‘iﬁ'all_new'
gehefétofsjsfatioﬁs except Tongonan oﬁgsq_ It is.desirablé'to..

install PSS in the existing generators as well.

{(13) Schedule for stepping~up the EHV voltage
. Based on the‘system_analysis; the EHV transmission line voltage

between Naga and 3an Jose must be stepped up to 500 kV:bf 1991.
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