Matrix Investigétioﬁ of Environmental Impact Factors

Recently the environmental problemhas become of increasing by important, not
only as a domestic issue but as an international issue. These circumstances
require that environmental precautions should be taken effectively and

efficientiy.

The environmental considerations in the development assistance programs are
aimed at assisting developing countries’ self-help efforts to carry out the

development programs by environmentally acceptabie methods.

This means that, in view of continuous development, the emphasis on the
balance between the devélopment qnd the environment and; in case there aré
for the items for established standards and regulations for prevention of
pollution, the observance of such standards and regulations constitute the

basis for judgment of the environmental precautions.

This basis also includes the observance of the provisions set forth in

international treaties and conventions, the protection of endangered animals
and plants, and the prevention of drastic alteration.of the existing

environment.

Before proceeding into the discussion of the investigation on the
environmental impact factors$, a rough outline of the environmental impact

investigation is presented in the following.
The investigation is aimed at sufficiently gfasping the environmental
influences of the locations of power plants so that appropriate protection
can be sought for the environment of the power plants and their construction
sites. '
The investigation includes:
. Execution of an environmental impact: investigation
Outline=0f the power plant program
 Existihg environmental conditions

Environmentél protection measures to be adopted

8 - 11



Prediction and assessment of environmental Iimpact

Other envirommental protection measures scheduled for adoption,

environmental monitoring plan, etc,
. Overall assessment
8.3.1 Thermal Power Plant

The environmental factors surrounding thermal power plants and their effects

are summarized in Table 8-3-1.

For reference, the present envirommental conditions around the respective
fhermal power plants are compared with the data from the investigation of
preéentenvironment,and,cbncerningatmosphere,ﬁdtérQualityandnﬁise,the
results were as stated in section 8.1.3 Present State of Environmental
Management . In the vicinity of the power plants, no protected plants or

animals are found.

Lacking historically or culturally important remains in the vicinity, ﬁo
pérticular adverse preéautions would be needed. However, with Manila Power
Plant, located in the central part .of Metro Manila, speciél care should be
taken to prevent air pollution as there are historical churches éﬁd

buildings in the vicinity,.

8 - 12
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8.3.2 Geothermal Power Plant

The envirommental factors surrounding geothermal power plants and their

impacts are given in Table 8-3-2.

The investigation should proceed with comparisons to the items for the

investigation of present status of the environment.

Concerning air quality, high concentration hydrogen sulfide gas is currently
“emitted from the ejector discharge port. It is desired that this will be
remedied by introducing the gas into the cooling tower to be diluted before

emission after due consultation with the manufacturer.

According to the information from NAPOCOR, there are no .protected plants or
animals, nor any historically or culturally important remains in the

vicinity,
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8.4.1

Recommendations regarding Environmental Management
Reinforcement of Environmental Management System

The Environment Management Department of NAPOCOR, consisting of two
divisions of Environmental Impact Assessment Division (EIAD) and
Environmental Service Division (ESD}, has been endeavoring to push

forward the environmental administration.

'In order to enhance the efficiency of the administrative operation, we-

recommend the following:

The.environmental management calls for widely ranged expertise. 1In
order to conduct such widely ranged technical investigations, it is
essential to have the guidance of university professors, scholaré_and
specialists from research institutions to collect accurate and reliable

results.
Recommendations for future poiicy are:

1. To establish the following specialized affiliates for'speCific

investigations:

. Affiliate specializing in chemical analysié'of"air'quaiity,

water quality, soil and offensive odors
. Affiliate specializing in acoustics of noise and vibration
measurement, sound-proofing and vibration-proofing measures,

and prediction

. Affiliate specializing in geology, ground suﬁéidence; and

limnological investigations

. Affiliates specializing in metébroldgical'obser#ation'and_

prediction of air diffusion

8 - 16



2. To seek assistance from governmental agencies, universities

and research institutions for the following:

. Investigation '‘of hydrographic conditions and marine life

including fish, larvae and planktons
Investigation of flora and fauna

Investigation of government agencies’ statistical data on
nature conservation, population, industry, traffic, education,

regional finance, etc.

A purpose of the Environmental Impact Assessment Department (EIAD)
in the Head Office should be to put tdgether the investigation
results received from the speciaiists, make explanations to the
concerned authorities regarding the environmental protection
measures for the power development area,'respond'to the citizens in
the &rea, seek soclutions to complaints, and to make every possible
effort to facilitate smooth electrical power development to meet

the electric power demand.
8.4.2 Expansion of Environmental Measurement System

Presently ESD is operating with a staff of 30.

All environmental meésurements are performed by understaffed ESD.
In view of the fact that ESD has the additional responsibility of
coping with and seeking solutions to complaints from citizems of

the area, we recommend the following:

. To create the positioh of Ervironmental Section. Chief, (full-
time or part-time) at pqﬁer'planthegional Center to take
charge of coping with the local communities, processing

grievances, and promoting environmental protection work.

.. To delegate some measuring work to the Regional Center or to

the.power plants.
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CHAPTER © IMPLEMENTATION PROGRAM, REHABILITATION COST,
AND DISBURSEMENT SCHEDULE

9.1 General -

9.1.1 Implementation Program

1.

Scope of Works

RehabiliE&EioﬁlRénovafion Items for the thermal, geothermal, and
hydro power plants and transmission lines and substations are as

described in Chapter 6 and Sections 9.2 to 9.5 of Chapter 9.

In consideration of the necessary procedure prior to the
rehabilitation works, it is anticipated that the commencement of

the works will be in or after 1094.

~In the meantime, it is desirable that the other items not included

in ‘the rehabilitation/renovation items be carried out

‘systematically by NAPOCOR in the ordinary maintenance works.

Contraching Scheme fdr_Rehébilitatioanenovation-Works

(1) Thermal and Geothermal Power Plants

Since the rehabilitatioﬁ works are the repair of the existing
equipment, it would be the most reliable method to select the

original main equipment manufacturer as the main contractor.

Especially in the case of thermal and geothermal_power plants,
it is not advisable to entrust the rehabilitation works to

other manufaéturers for fear of unforeseen technical troubles.

Other manufacturers do. not have the design and mﬁnﬁfacturiﬁg
drawings'of'the equipment to be rehabilitated. And even if
they get hold of the drawings, ‘they could not get the know-how

not explicitly shown on the drawings.



For the above reasons, the contract of the rehabilitation
works should be made in as small number of packéges as
possible pentering on the original manufacturer of the main
equipment and the condition of delivery after test operation
and readjustment should be stipulated so that the

responsibility of the contractor may be clearly defined.

The direct works carried out by NAPOCOR will be excluded from
the rehabilitation work, but the works should be carried out

in close coordination with the contractor.
{(2) Hydro Power Plant and Transmission and Substation Facilities:

The same consideration and arrangement as with the thermal
power plants should be made for the. rehabilitation of the

hydro power plants.

Onn the other:hand; the transmission and substation facilities
are composed of the unit eqguipment and materialé, and the
~replacement of these unit equipment and materials need not
always be by the original manufacturers. And therefore, the
‘rehabilitation equipment and materials will be procured by the
competitive bidding from the pre-qualified contractors

(manufacturers). .
Engineering Service

The rehabilitation/renovation works will bhe carried out under the
control of NAPOCOR, but since there are many and varied. rehabilita-
tion/renovation items, it would be necessary to hire the services

of a consultant to assist NAPOCOR.

The engineering coverihg the services of preparation of  the

“procurement specifications through the  construction supervision

should be let to an outside consultant.



Timing of Rehabilitation/Renovation Works

Even though there still remain the financing problem and other
problems to be solved, the timing of the works will be set as
follows. (Refer to Table 9-1-1)

(1) Preparatory Period: 1992 - 1993
(Extension may be necessary, depending on the pfogress of

situations)

a. Financing prdgram
Feasibility study

c. Procuremeént plan (Hiring of consultant, preparation of
procurement specifications, tendering)

d. Ordering procedure (Evaluation, negotiation, approval by.

ofganizations concerned, etc.)
{2) Work Period: 5 years”from 1994

However, with Manila Power Plant, August 1993 is set for the
target time of start of the rehabilitation works so that the
‘rehabilitation may be completed before 30 years of the elapsed

time from the commissioning of the power plant is exceeded.
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9.1.2 Rehabilitation Cost and Financing

1,

Rehabilitation Cost

(1)

(2)

Basic GConditions for Cost Estimation

a., Commodity prices escalation rate during the

rehabilitation work period is assumed to be 3% per annum.

b. The cost estimate is made as of December 1991; and the

following exchange rates are used.

¥ 130 (¥ 129.85 is rounded up)
P. 27

1 Us$
1 Us$

)

c. Import duties are exempted; corporate tax and other taxes

and levies are not considered.

“d. Financing (both F.C, and L.C.) will all be in foreign

currency and by foreign lozn in principle.

e. Land for site offices and electric powet'and water for
rehabilitation works will be supplied by NAPOCOR free of
. charge..

Rehabilitation Cost

The estimated costs for the rehabilitafionslrenovation works

are sﬁmmariﬁéd in Tab1e. 9-1.2,



Financing

The rehabilitation/renovation work period will be 5 years from

August 1994,

Based on this work period; the financing is considered for the

following cases.

Rehabilitation I
Facilities . Financing
work period
Work started in
1st year Case 1
Thermal P.P.
Geotherlnal P-Pc Work Started in
2nd year Case 2
Work started in
o _ 1st year Case 1
Hydro P.P.
Work started in
2nd year o Case 2
Work started in
1st year' Case 1
Transmission
& Substations Work started in
2nd year Case 2
Interest Rate _ Repayment Period
Case 1 7.5% 8 years (incl. 6 months grace périod)
Case 2 3.0% 25 years (incl. 10 years gréce pefiod)
Note: Case 1: Export-Import Bank Loan

Case 2: QODA, etc



9.1.3 Annual Disburseﬁent Schedulé
The annuél disbursement schedule is as summarized in Table 9-1-3.
9.1.4 Imp;emgntation Sphedule
The implementation schedule will be according to the scﬁedules for

individual facilities described in Section 9.2 and the following

sections.
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9,2 Thermal Power Plants
9.2.1 Rehabilitation Cost

The rehabilitation costs for the thermal power plants are tabulated in

Table 9-2-.1, and are summarized as follows.

Unit: 1000USS

Rehabilitation

Plans F.C. L.C. Total

Manila P.P.

Units No. 1 & No. 2 99,298 16,202 | 115,500

Bataan P.P.

Units No. 1 & No. 2 66,402 12,9981 79,400

Total 165,700 | 29,200 {194,900

2.2.2 Rehabilitation Schedule
The rehabilitation schedule is shown in Table 9-2-2.
9.2.3 Annual Disbursement Schedule

The annual disbursement schedule of the rehabilitation costs is shown in

Table 9-2-3.
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9,3 Geothermal Power Plants
§.3.1 Rehabilitation Cost

The rehabilitation costs for the geothermal power planté are tabulated

in Table 9-3-1, and are summariéed as follows.

Unit: 1000U8%

Rehabilitation 1
Plan F.C. L.C. Tota.
'Mak-Ban P.P.
Units No. 1 - No. 6 46,768 1,340 | 48,108
Tiwi P.P.
Units No. 1 - No. 6 48,140 1,490 | 49,5630
Total 04,908 2,830] 97,738

6.3,2 Rehabilitation Schedule
The rehabilitation schedule is shown in Table 9-3-2.
9.3.3 Annual Disbursement Schedule

The annual disbursement schedule of the rehabilitation costs is shown in
Table 9-3~3.
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9.4 Hydro Power Plants
9.4.1 Rehabilitation Cost

The rehabilitation cost of hydro power plants is as shown in Table 9-4-1

and is summarized as follows.

Unit: US$1,000

Plans F.GC. L.C. Total
Reconstruction of Ambuklaoc Power 12,522 6,828 19;350
Plant intake ' '

Replacement of Magat Power Flant 192 12 204

excitation transformers

Total 12,714 6,840 | 19,554

9.4.2 Rehabilitation Schedule

Table - 9-4-2 shows the rehabilitation schedule of hydro power plants.

9.4.3 Annual Disbursement Schedule

Table 9-4-3 shows the annual disbursement schedule for rehabilitation of

hydro power plants.
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9.5 Transmission Lines and Substations

9.5.1 Renovation Cost

The renovation cost of transmission lines and substations is as shown in

Table 9-5-1 and is summarized as follows.

Unit: US$1,000

. Plans F.C. L.C. Total
Replacement of overhead ground 785 - 362 | 1,147
wires
Replacement. of circuit breakers 1,663 52 1,715

lacking breaking capacity

Repiaéement of 230 kV circuit 7,406 209 7,615
breakers ' '
Adoption of steel towers for river 603 393 996

or road crossings

Rerouting of T/L section difficult 163 57 220
of restoration work

Provision of defective insulator 85 0 85
detectors '
Replacement of 115 kV and 69 kV 2,249 g5 2,344

circuit breakers

“'Repiacement of disconnecting 2,346 172 2,518

switches
Provision of spare circuit breakers 601 0 601
Total : 15,901 1,340 | 17,241
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8.5.2 Renovation'SChedule

Table 9-3-2 shows the renovation schedule of transmission lines and

.substations.
9.5.3'Annual Disbursement Schedule

Table 9-5-3 shows the annual disbursement schedule for renovation of

transmission lines and substations.
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CHAPTER 10

ECONOMIC EVALUATION






10.1

10.1.3,

10.2

10.2.1

CHAPTER 10 ECONOMIC EVALUATION
General
Method of Economic Evaluation

For the economic evaluation, the benefitfcost ratio method and the

economic equalizing discount rate method are adopted.

Since Bataan Thermal Power Plant and Mak-Ban and Tiwi Geothermal Power
Plants have ‘more than 10 years of remaining life, it is not considéered
te be appropriate to compare the rehabilitation of these power plants
with a new project, in view of the work items and scale of'ﬁhe
project. Therefore, it is assumed, as alternative, that the
rehabilitation of the objective power plant will not be implemented
and the incremental output to be gained by the rehabilitation works
would be supplied by the other power plants in the-Luéon.Crid. and the
economic evaluation was made with the total expenses of this
incremental power.suﬁply plus total cost of the operation of existing

power plant, as it is, taken as the benefit. (WITH-WITHOUT Method)

The rate of fifteen percent (15Z) given in the guideline of the
National Economic Develépment Authority (NEDA) is adopted for the
discount rate reflecting the opportunity cost in the Philippines.

Evaluation with Individusl Power Facilities

Heavy 0il-fired Power Plants

As described in Chapter 6; Méhila:Powef Plant and Bataan Power Plant

are the power plants taken up in the present master plan.

1. Alternative Projects

Thé'alternati#e ptojects for economic evaluation of the

' rehabilitation works of these power plants are as follows.

10 - 1



2.

*

(1) Manila Thermal Power Plant

No, 1 Unit of this power plant will reach 30 yesrs of

operation, which is generally taken as the durable life of

the thermal power plant, in 1995, and No. 2 Unit in 1996,

therefore, new construction of a heavy oil-fired combined

cycle power plant was taken up as the alternative project.

{2) Bataan Thermal Power Plant

At Bataan thermal Power Plant, No. 1 Unit will reach the

durable life of 30 years in 2002 and No. 2 Unit in 2007,

they have longer remaining lives than the units at Manila

Power Plant. Therefore, the evaluation was made by the

"WITH-WITHOUT Method" as described in Subsection 10.1.1.

Rehabilitation Cost

The following project costs do not include the interest during

construction,

Manila Thermal Power Plant
Rehabilitation Cost :  US$115,500,000

Alternative Combined
Cycle Power Plant _
Construction Cost :  *Us$155,000,000

Bataan Thermal Power Plant

Rehabilitation Cost . US$ 79,400,000

The.copstructiOn cpst_fof thié combined cyéle power plant has been
adjusted in consideration of 15 years of life of Manila Power

Plant after rehabilitation and 20 years of life of the new

combined cycle power plant.

10 - 2



Operation, Maintenance and Administration Costs

The operation, maintenance.and'administration costé for the
existing power plants were estimated based on the 1991 actual
records in NAPOCOR, with the escalation taken into account. For
the coﬁbined cycle power plant, ﬁhe operatioh, ﬁmiﬁténahce and
administration costs were estimated at 4% and 0.5 of the
cghStruction cost respectively. These costs are given in Table

10-1 (1).
Cost of Make-up Power from the Grid

As the cost of the make-up power supplied from the grid in the
"WITHOUT" case, the generating cost of the coal-fired thermal
power plént which mainly shoulders the reserve power is adopted.

The generating cost is given in Table 10-1 (1).
Result .of Analysis

The following benefit/cost ratios and economic equalizing discount
rate, which is equal to Economic Internal Rate of Return
(E.I.R.R.), were obtained and the rehabilitation projects are

judged to be economically feasible.

' B/C ratio E.I.R.R.
Manila Thermal Power Plant: 1.063 ~ N.A.

Bataan thermal Power Plant: 1.022 15.63Z
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10.2.2 Geothermal Power Plants

Tiwi and Mak-Ban Geothermal Power Plants are taken up for the

rehabilitation under the present master plan.:

1.

Alternative Project

As both Tiwi and Mak-Ban Power Plants have been in operation a
little over 10 years and are_relatively new, it is not considefed
adequate to adopt the new project_for the.alternative project as
the benefit of the economic evaluation. Therefore, the evaluation

was made by the *WITH-WITHOUT Method".

Rehabilitation.Cost

The net rehabilitation costs for both the power plants are given

in the following.

. Tiwi Geothermal Power Plant

Rehabilitation Cost : US549,630,000

Mak-Ban Geothermal Power Plant
Rehabilitation Cost :+ US548,108,000

Operation, Maintenance and Administration Costs

The operation, maintenance and administration costs were estimated
based on the 1991 actual records of Tiwi and Mak-Ban Power Plants,
with escalation taken into account. The estimated costs are given

in Table 10-1 (2).

Cost of Make-up Power from the Grid

The generating cost of_the_cdalnfired thermal power plant which

shoulders the reserve power is adopted as the cost of make-up

power supplied from the Grid for the "WITHOUT" case. The

~generating cost is given in Table 10-1 (2).
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‘Results of Analysis

The following benefit/cost ratios and E.I.R.R. were obtained and

the rehabilitation pfojects are economically feasible,

_ _ B/C ratio E.I.R.R.
" Tiwi Geothermal P.P. 1.131 31.462
‘Mak-Ban Geothermal P.P.: 1.071 29,232

10.2.3 Hydro Power Plants

Ambuklao Hydro Power Plant is the only hydro power plant taken up in

the present master plan.

1.

Alternative Project

The construction of a new geothermal power plant which carries the
base load and can be built in a short period (it is assumed that
the geothermal wells have been developed.) similar to the hydro

poWef plant is adopted ag the alternative project, and the total

" cost is used as the benefit in the evaluation.

Rehabilitation Cost -

The following rehabilitation cost and the construction cost are

given in net costs.

Ambﬁklao Hydfo Power Plant _
‘Rehabilitation Cost : US§19,554,000
(including Maget P.P.) '

Alternative Geothermal

Power Plant Comstruction Cost :  US$85,000,000

10 -'5



Operation, Maintenance and Administration Costs

The operation, maintenance and administration costs were estimated
based on the 1991 actual records of Ambuklao Power Plant, with the
escalation taken into account.

The estimated costs are given in Table 10-1 (3).

For the alternative geothermal power plant, the opetation,
mainténance and administration costs were estimated at 2% and 0.5Z

of the construction cost respectively.

Reserve for Suppleméntary Well Driiling (depietion cost) for

Alternative Geothermal Power Plant

The depletion cost was estimated based on the actual records at
the existing geothermal power plants in Luzon Island. The

estimated depletion cost is given in Table 10-1 (3).

Result of Analysis

‘The following benefit/cost ratios and E.I.R.R. were obtained and

- this rehabilitation project is judged to be a very profitable

project.

| B/C ratio- E.I.R.R.
_ Ambuklao Hydro Power Plant: 1.861 - N.A.
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10.2.4 Transmission Lines and Substations

' The economic evaluation of the removation project of the power system .

was not made for the following reasons,.

(1}

(2)

The transmission lines and substations are not the facilities for
power generation, but are for transportation and distribution of

the electric power. And they are indispensable for the stable

- supply of high quality electric power.

There is no other means to sérve this purpose, and it is the duty
of the electric power company to maintain the reliabiliﬁy of the

transmission lines and substation facilities.

The trénsmission lines_and substation facilities taken up in the
present_sﬁudy inciude'some aged and deteriorated equipmént, but as
a whblé they are to be used long into the future and there is no
immediate need for a total replacement of the transmission lines:

and substation facilities.
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CHAPTER 11

FINANCIAY, EVALUATION






11.1

11.2

CHAPTER 11 FINANCIAL EVALUATION

Method of Financial Evaluation-

The financial evaluation of each rehabilitation project is made by

calculating  the equalizing discount rate which makes the total
vehabilitation cost converted to the present value equal to the preéent
value of the increased revenue by increased generation after the
rehabilitation, and by comparing it with the social discount rate (15Z)
feflecting the oppdrtunity cost in the Philippines, the financial

soundness of the project is examined.

Conditions for Financial Evaluation

(1) Price Escalation
The electric¢ power rate which will make the basis of the' operation
and maintenance costs and the'revenue from energy sales will be
escalated year by year, but since the price escalation would effect .
both the revenue and the expenses equally, the price escalation
after the completion o©of the rehabilitation is not teken into
consideration.

(2) Costs.

a. Rehabilitation cost and disbursement schedule

The rehabiljtation costs and the disbursement schedule entered

~in Chapter 9 and chapter 10 are used.
'b.  Operation and maintenance cost and administration cost

The ‘operation and maintenance cost and the administration cost

~are as given in Tables 10-1 (1) - 10-1 (3) in Chapter 10,

1 -1



{3) Other Data Necessary for Financial Evaluation

Other data necessary for the financial evaluation are all given in

Tables 10-1 (1) ~ 10-1 (3) in Chapter 10.

11.3 Results of Financial Evaluation

(1) The results of financial evaluation of individual rehabilitation

projects are given in the following table.

Table 11-1 Results of Financial Evaluation

Project

Financial Internal Rate
of Return (F.I.R.R.)1(Z)

2)

3)

4)

3)

6)

'1i

Manila.Thermal Power Plant
Rehabilitation Project

Bataan Thermal Power Plant
Rehabilitation Project

Tiwi Geothermal Power Plant
Rehabilitation Project

Mak-Ban Geothermal Power Plant

Rehabilitation Project

Ambuklao Hydro Power Plant
Rehahilitation Project

Transmission Lines and Substation
Facilities Renovation Project

23.77
13,40
43.88
24,94
4 .46

27.04

(2) Conciusion

As seen in Table 11-1,
the planned rehabilitation projects, excepting that for Bataan
Thermal Power Plant, proved to be higher than the social digcount

rate (15Z) in the Philippines and the rehabilitation projects are

proved to be financially sound. -

With Bataan Thermal Power Plant, the F.I.R.R. is 13.402 which means
thgt the rehabilitation of this power plant is suffigiently-

fegsiple financially, if the fund can be borrowed at an interest

rate lower than 13.40%.

11 - 2

the financial internal rates of return of
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