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Pncmg DomestIc Energy Resources: A Model-Based Approach

Project Inception Report

(Statement of Work)

1. Purpose of Project

The pnmary goal ofthe project IS to prOVIde Phtltppme government analysts WIth

tools and trammg to asSIst m pncmg vanous energy sources-especlally the mdlgenous

energy supphes that compete mthe baseload power sector Not only are these often

dtfficult to pnce because ofthe lack ofdirect companson WIth any mtematlOnal market,

but these resources also offer a WIde range of envrronmental costs and constramts that

must be accounted for m determmmg a reasonable value for the resources m companson

WIth other available energy options

A secondary goal ofthe project IS to make recommendatIOns on pncmg strategIes,

gIven the mformatlon and mSlghts garnered m developmg the pncmg tools It should be

kept m mmd, however, that the ovemdmg purpose ofthe project IS the transfer of skills

and technolOgIes to government counterparts

More specIfically, the project IS mtended

• To proVIde the Government WIth a set ofbasIC prmClples whIch can be used to

guide energy pncmg pohCles,

• To recommend methodolOgIes whIch can be used to translate these prmclples

mto a set ofrecommended energy pnces,

• To examme the econonuc and finanCIal unpacts ofthe partIcular energy pncmg

alternatIves ofcurrent mterest to the Government,

• To asSlst mthe estabhshment ofan analytical capability WIthIn the Government

to develop short to medIum-term pncmg pohcles for natural gas, coal,

geothermal and hydropower, and
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• To exanune the fiscallmpbcatlons assocIated WIth proposed alternative pncmg

options and strategIes

It should be noted at the outset that there IS no "correct" way ofsettmg pnces

analytically, If there were, then there would be a s10gle tool or approach that could be used

10 every country Even the Ideal free market or open blddmg SituatIOn may not adequately

address enVironmental costs and benefits, or differences m benefits to the natIOnal

economy mterms of government revenues, balance of payments, or other macroeconormc

Issues Thus, what Will be proVlded are tools that asSIst m"boundmg" the appropnate

pnces for fuels, based on concepts rangmg from productIon cost to alternatIVe fuel pnces

to enVironmental premIUms/penalties to fuel netbacks mgIven end-uses The pncmg tools

WIll not produce a smgle recommended pnce, but rather a range ofpnces that all have a

legItimate groundmg The tools WIll SImultaneously prOVIde quantitatIVe Imphcations of

chOOSIng one fuel over another, mcludmg envrronmentallffipacts and broader

macroeconorruc effects Selectmg an appropnate pnce IS ultImately a matter of 1Oformed

Judgment and pohcy deciSIon WIthin the framework of econorrucally determmed

parameters

The tools and the trammg go hand-m-hand Too often, models end up sltt10g on

the shelfbecause they are not matched to the needs, OO11s, and expenence ofthe 10tended

users The mtentlon here IS to produce user-fnendly, comprehensIble modelIng systems

that are at a level ofcomplexIty that can be fully grasped Wlthm the scope of the project

tIme fram~ Although team members have much expenence m automatic, algonthm

dnven optlll11Z8tlon (where the model determmes the full range ofdecISions, mcludmg fuel

mIX, constructIon schedules, and margInal pnces), such an approach IS not conSidered

deSirable for this project Instead, the emphasIS here IS on understand10g pncmg

dynanucs, and employmg "what If' scenarIOS analysIs to determIne the Implications of

different pncmg strategIes ThIs means that an optlmJzatlon or a non-optmuzation

framework may be used, but Ifan opt1ll11Z8t1on framework IS employed, It must be

optlmJzatlon WIthin a highly constramed system (The final chOice ofmodelIng technIque

10 the power sector WIll be selected based on the aval1abJ1lty ofneeded data, and the

2



backgrounds of the counterpart team, the most unportant consideratIOn will be m

producmg a model that IS usable and mamtamable by the counterpart team)

At present, Pluhppme mdlgenous energy resources are dommated by coal,

geothermal, hydropower, and, most recently, natural gas Coal, hke 011, has a well

developed and competitive mternaoonal market, pncmg coal IS a relatively straightforward

matter Markets for natural gas, on the other hand, are more complex, there are many

local markets, With Widely ddfenng pnces There IS also an mternatIOnal LNG market, but

the costs and econOmIes of scale m movmg LNG are so large that LNG can proVide no

more than a smgle benchmark m deCldmg appropnate pnces for domestic gas productIOn

Fmally, geothermal and hydropower are not typically traded at all (except for hmlted trade

m electnclty m some Special areas around the world), there IS no "mternatIOnal market

reference" for these resources

Although natural gas has more uses than merely power generatIOn, the forum for

competition between mdlgenous fuels m the Pluhppmes and external energy sources (such

as refined 011 products, coal unports, and LNG) IS the power sector Thus, the focus of

tms project IS on the pncmg ofmdlgenous fuels With hmIted trade opporturntIes (domestic

gas, geothermal, and hydropower) through therr competitIOn m the power sector With

fuels that have mternatlonal pnces ThIs competitIOn IS not hmIted to pure pnces per urnt

output, however, but also mcludes competition between the fuels mterms of

envrronmental unpacts and other tradloonally non-pnce costs or benefits

2. Methodology

A pncmg pohey must be based on the base costs, wmch mclude the long-run

margmal cost, depletion premIum for non-renewable energtes and externahty costs and the

htghest pnce that the consumer IS Wllhng to pay, netback value The pnce mterval between

the base costs and netback value IS the optunal econOmIC pnce range for a urnt of energy

The long-run margmal cost (LRMC) IS identical to the plannmg curve In practice,

LRMC IS approxunated by average mcremental cost (AlC) AlC IS a forward-Iookmg
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value calculated usmg the average basic costs that will be mcurred over a specific penod m

order to proVIde a glVen level of output

The depletion prenuum measures the additIOnal costs ofusmg depletable energy

resources today versus usmg them at some future time when, haVIng been depleted, they

will have to be replaced by another resource that IS generally higher m cost ThIs IS

applIcable to oIl, natural gas and coal resources The depletion preInlum IS often referred

to as the user cost

The externality costs reflect costs to society whIch arIse mdrreetly from energy

productIOn and consumptIOn These costs could mclude new Infrastructure and

enVIronmental degradation which may occur In developmg countnes, data on such costs

are rarely avatlable Thus, It IS necessary to rely on mternatlonal expenence

The sum ofthese three econonuc costs IS the nummum econonuc pnce which Will

fully account for the costs ofsupplymg a resource This IS a key parameter on the supply

Side

On the demand Side, netback value reflects the value ofan energy resource to the

end user Tlus allows the end user to buy energy at the lowest cost pOSSible on a

comparative basiS Netback values generally differ accordmg to the speCific conditions

governtng therr use and location 'flus value IS an apprOXimation of consumer behaVIor,

and is conSidered to be a maxunum econonuc pnce For example, m electnclty econonucs,

many power utilIty compames use a least generatmg cost method to select fuels for the

electnclty generation On the b8S1S ofthe lowest generation cost, netback value for a

particular energy can be determmed

EstlDtation of the range between the econonuc supply cost and the netback value is

an Important foundation ofan effective energy pncmg polIcy This range represents the

producer and consumer surpluses The producer surplus IS known as econOmIC rent The

econOInlC rent plus the consumers surplus can be dlstnbuted among producers, consumers

and the government
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An eqwhbnum pnce represents the econonuc optlDlum for all of the parties

producer, consumer and the government In realIty, market barners and government pohcy

make such equIhbnum lDlposslble For dus reason, It IS necessary to denve a pncmg

structure, such as a finanCial pnce, that will mcorporate these distortions Next we must

adjust these OptlDla1 econonuc pnces to cover the cost ofenergy mthe financial pnce This

IS the pnce that the producer has to receive to allow for the exploratiOn, development,

operation, and dehvery ofthe energy to the consumer, mcludmg a normal profit to

compensate for nsks, mcome taxes, depreciatIOn and royaltIes or shares ofproduction

paid to government

One ofthe major elements ofthe project IS Its development ofanalytIcal tools for

use by the offiCials ofthe PhIhppme Department ofEnergy To a large extent, these tools

and concepts are embodied m a set of computer models

An econonuc model IS deSigned to deternune base costs and a netback value The

Ale IS the summatIon ofdiscounted ofmcremental production costs diVIded by the

summatIOn ofdiscounted mcremental production

The depletIOn premIUm for energy commoditIes IS based on the value ofthe next

econonucally avaIlable alternatIve energy (backstop fuel) The depletion prenuum can be

calculated as the dtfference between the present value ofthe backstop fuel pnce m the

future year mwhich It IS needed due to econOmIC depletion ofthe first fuel and the cost of

the fuel under analySIS

In the countries where envrronmentallDlpact IS a concern, the additIonal costs of

necessary nutlgatlOn measures must be conSidered to reduce the negative lDlpacts to a

certam acceptable level In general, these types ofcosts are mcluded mthe capItal and

O&Mcosts

The netback value IS calculated by takIng mto account the dIfferent capItal

eqUipment reqUiTed to use dIfferent fuels, and the dIfferent operatmg costs and effiCienCies

that charactenze each fuel, and the econonuc supply cost ofthe next best alternatIve fuel
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A financial model IS designed to calculate the financial pnce ofenergy resources

This model IS commonly used In connection With the production shanng contract to spItt

net operatIng Income For the purpose ofcalculat10g the financial pnce, a tnal and error

approach IS used to define a pnce structure that Will prOVide a certam rate of return for the

1Ovestor 10 each project

Energy supply and demand forecasts must be made before any econonuc, finanCial

or optlDuzation calculations are done The supply and demand forecasts are an Important

mput to the calculatIOn of econOlnlC and finanCial pnces

3. Modeling ACtiVlhes

3.1. Resource Coshng Tools

Understand10g the production costs, or long-run margInal costs, for resources IS an

ongo1Og effort, smce the understand10g of the resource base, the costs of development,

and the potential market demands are constantly evolVIng For this reason, models oftrus

type must be constantly updated and expanded as new Information becomes aVaIlable

One ofthe key consideratIOns m deslgmng these tools Will be ensunng that updatmg With

better or expanded mformatlOn IS an easy process

In many cases, Ifdevelopment costs per urnt output dIffer sigruficantly between

different sources of the same type of resource (for example, hydropower projects With

very dlfferent costs and very different distances from the market), It may make more sense

to treat them as separate kInds of resources, rather than combmIng them m the calculatIOn

of a smgle margInal cost
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A. Natural Gas Tools

One ofthe most soundly based approaches to determmmg a productIon cost for

natural gas resources for the purpose ofpoltcy analysIs IS detemumng the average

mcremental cost (AlC) ofgas productIon resultmg from followmg a specIfied productIon

curve, and then addmg on necessary transport and depletIOn value, needed to deltver the

resource to the demand centers ThIs approach determInes an effectIve productIOn cost

for the resource gIVen the needed mvestments m productIon and transportatIOn to meet a

gIven deltvery schedule As such, usmg thIs for pncmg can be IteratIve, IT the costs

determmed are such that the tnltlal demand and!or productIOn profile would change, then

the AlC and other factors need to be recalculated agaInst the new demand and/or

productIon profile

The specIfic modules prOVIded from thIs effort will mclude

• A spreadsheet database ofpotentIal natural gas demand,

• A spreadsheet database structure for natural gas productIOn and mvestment costs VIS

a-VIs deltverablhttes, WIth baselme esttrnates for known resources,

• A spreadsheet database for natural gas transportatton and dlstnbutton costs, VIs-a-VIs

scenanos ofthe volume transported,

• A modelmg tool that combmes the first three modules to determme the AlC and

econOmIC pnce path ofgas,

• A spreadsheet appltcatlOn for the calculatIOn ofnatural gas netback values,

• A spreadsheet appltcatton for the calculatIOn ofthe costs related to LNG Imports In

the Philippmes

B. Geothermal and Hydropower Tools

Geothermal and hydropower resources are hIghly sIte-specIfic, and therefore are

less appropnate, m most cases, for comptlmg mto pnce-supply curves ofthe type used for

gas or Oll resources What will be prOVIded here mstead IS a spreadsheet model ofa
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hydropower resource and a geothermal resource, WIth the key Input vanables needed to

detemune the productIon cost of the resource gIven resource qUality, resource SlZe,

Investment costs, and returns on Investment These are deSIgned to act as templates for

analysIs ofaddItIOnal proJects, as Information becomes aVailable on the resource, and to

estimate bkely production costs gIVen the basIC Input parameters These could form, In

the longer term, a resource database that would allow pnce-supply curves to be budt up IT

deemed appropnate

C. Coal Tools

Coal IS the donunant fuel used for electnclty generatIOn In AsIa, and remaInS lughly

competitive for base-load electnclty generatIon m the maJonty of Asian economaes The

pnces of thermal coal traded In the regIon are trending downward over time, and the

speCifications pertaIning to sulfur content are becomang more stnngent The Plllhpplnes

has moderate coal reserves that have yet to playa substantial role In electnclty generation

Government projectIOns Indicate rapid growth m coal consumption for electnclty

generation, With Imported coal accountmg for most of the growth In consumption A

senes of pohcy Issues are related to coal development and use m the Plllhppmes, mcludmg

(I) the competitive posItion ofdomestIC coal production compared With the cost of

Imported coal, and (11) coal qualitIes and power plant pollutIOn control technology

reqUirements to meet present and projected tighter enVironmental constraints For

example, the Impact of different emasslOn hmats on fuel chOices and technology chOIces

can be compared These key policy Issues can be addressed usmg the models and data

prOVided mthIs study

The specIfic modules on the coal sector will mclude

• A spreadsheet calculatlOn companng the plaUSIble costs of coal from domestIc suppbes

and the long term pnces ofcoal CIF PluhppInes from IndoneSia and Australia

• A spreadsheet calculation oflevellZed costs ofelectnclty, from domestic and Imported

coal and from natural gas, at plauSible supply costs
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The above will be accompamed by a dIscussIon ofthe commercIal technology

optIons for coal use m power plants, mcludmg theIr costs and effiCIencIes m reducmg

VarIOUS pollutants There will also be a dISCUSSion ofcoal pnCIng Issues for InternatIonally

traded coal, mcludIng spot and contract pnces and trends

3.2. Power Sector Model

Tlus model will compare the econOmICS ofpower expanSIOns, gIven the costs of

dIfferent fuels and dIfferent technolOgies, IncludIng the optIons of addmg enVIronmental

controls such as scrubbers The user specIfies the demand mIX m the power sector

(totalmg to a checksum for the needed MW output for the year In questIOn) The model

then gives several results SImultaneously

• The pnce ofeach ofthe mdigenous resources based on (1) the power sector netbacks

from the key technologies and (u) traded resources In key technologIes (for example,

the value ofgas m the power sector given the pnce offuel 011 steam turbIne costs, the

value ofgas gIven the pnce of low-sulfur coal m conventIOnal power generatlOn and m

advanced clean-coal power generatlOn, the value ofgas gIven the pnce ofmedlUm

sulfur coal In modem or conventIOnal power generatIOn With and Without flue gas

scrubbIng, etc)

• The pnce of each IndIgenous resource as above, but adjusted by the relevant charges

for enVIronmental enusslons (S~, NOx, CO2) based on International standards and the

pollutIOn output from each technology,

• The total change m the pollution load by pollutant relatIve to several baselmes,

• The average pnce ofpower production cost gIven the fuel rrux, assummg that the

mdlgenous resources are pnced at productIOn costs as determmed m the resource

costIng modules,

• The average pnce ofpower productIon cost gIven pnCIng at netback values (mcludIng

enVIronmental charges),
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As noted 10 the 1Otroductory sectIOn, the power sector model may be a lughly

constramed optmuzatlon framework, or a "dispatch" framework, depend10g on the

backgrounds of the counterpart team and the avadablhty of forthconung data, the final

deCISion cannot be made at tms moment Optlnuzatlon models offer some additIOnal

features, but also reqUIre more complex data 10puts and place greater 10terpretlve demands

on the user Ifreasonable results are to be aclueved The model outputs hsted above can

be obtwned by either of these modebng techruques

3.3. Macroeconomic Implications Model

The model IS capable ofestlmatmg the Impacts on the economy and on

government revenues based on the pnce and fuel nux changes that result from the

assumed pnce generated by the resource costmg and power sector models discussed

above The model will

• EstImate the flow offunds related to the utllWltlon of natural gas 10 the Pmhppmes,

such as a production shanng contract scheme for natural gas, arrangements 10 natural

gas transportatIon (I e, plpel1Oe), and government fiscal revenues from both the

resource productIOn split and taxes,

• To trace and construct the lmk of changes 10 fuel nux and pne10g to macroecononuc

parameters such as balance ofpayments, natIonal mcome and employment, output of

key sectors (such as manufactunng), general pnces, and mflatlOn

3.4. Preliminary Natural Gas Costs Evaluation

Per Department ofEnergy request, a prehnunary natural gas cost evaluatIon will

be performed for the Malampaya-Camago fields based on the 1Ofonnatlon avwlable to the

consultants at the begmn10g ofthe project In addition, a spreadsheet calculatIon WIll be

earned out to calculate a pro-fonna of the government's revenues from od, natural gas,

and condensate productIon Wlthm tms actIVIty the consultants WIll subnut to DOE
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• A spreadsheet calculatlon of estunated costs related to the production ofthe Oll,

natural gas, and condensate m the field, and estimated costs related to brmgmg the gas

(through the marme plpehne) on-shore Bantangas,

• A spreadsheet calculatIOn ofestlDlated government revenues based on the assumption

ofthe oll, natural gas, and condensate production that will be absorbed by the market

at a predetermmed pnce scenano(s)

The above estlDlatlOn will be carned out based on the assumptions set forth by the

available mformatlon to the consultant at the tlDle the calculatIOn IS performed

4. Training ActiVity

As mentioned above, the consultant team regard that the trammg actiVIty IS one of

most lDlportant actiVIties Wlthm the project The trammg actiVIty IS mtended to prOVIde

DOE counterparts With a capability to perform energy pncmg analyses through the use of

the analytical tools specially developed m the study The project has scheduled a one

month formal trammg for the counterpart team to be conducted m OctoberlNovember

1996 The trammg program IS deSigned not only to mtroduce the counterpart team to the

modehng tools, but to prOVIde an energy background that IS of suffiCient breadth and

depth to use the models for pohcy analysIs Upon completIOn ofthe project, It IS expected

that the counterpart team will be able to

• PrOVIde deciSion makers With energy pncmg pohcy options detailing thelT analysIs and

projectIOns ofeconoffilC and financlallDlpacts ofthe optIOns

• Perform penodlc assessments of energy pncmg pohcles With analysIs ofthe

lDlphcatlOns of such pohcles under certam econODllC, finanCial, and mvestment

conditiOns

In order to achieve these objectives the trammg actiVIty IS deSigned to develop the

followmg skills
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• A sound groundmg mthe econonuc and financIal pnnclples berund the methodology of

energy pncmg analySIS,

• The ablhty to undertake a systematIc and ratIOnal approach to perforrrung energy

resource analysIs,

• The ablhty to determme the proper analytIcal tools necessary for any gIven analytical

task and to test the senSItiVity of the results to change m assumptIOns and parameters,

• The ablhty to acquIre appropnate data and mformatlon needed for energy pncmg

analysIs and to develop and mamtam a computer database for the purpose of pohey

support, and

• The knowledge ofthe lumtatlOns of the vanous analytIcal tools and methods mactual

practices of energy pncmg pohey adOptiOns

Prehmmary Tralmng Syllabus

Week 1

A Fundamental Concepts

• Econonuc Pnce Theory, In the context ofEnergy Resources

• Fmanclal AnalySlS ofEnergy Resources Development and Utdtzatlon

• Energy Supply and Demand AnalysIs

• Energy and Enwonment Lmk

• Energy Pncmg Methodology

• Computer Appbcatlon mEnergy Modebng

Week 2

A Fundamental Concepts (Contmued)

• Opturuzatlon Theory mEnergy Resource Allocation
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• Macroecononuc Ltnkage to Energy UtilizatlOn

B Energy Market Issues

• Energy Pohcy Issues and Regional Trends

• Global and Regional Oll Market

• Global and Regional Coal Market

• Internatlonal and Domestlc Gas Market

• Power Sector AnalYSlS

• Introductlon to Resource Negotlatlon

Week 3

C Analytical Tools mEnergy Pncmg AnalYSlS

• Resource Costmg Models Adopted mthe Project

• Power Sector Models Adopted mthe Project

Week 4

D Energy Pnclng Pohcy AnalySlS

• Issues In Energy Pnclng Pohcy

• Apphcatlon of AnalytlCal Tools for Energy Pncmg Pohcy Recommendatlon

In addltlon to the consultant team, other researchers ofthe EWC Program on

Resources will take part mthe trammg program, both as lecturer and resource person

They are

Dr Fereldun Fesharala, EWC-PREM Drrector

Dr Allen Clark, Deputy Drrector

Dr Ujjayant Chakravorty, Adjunct Fellow

Dr Cary Bloyd Adjunct Fellow
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Dr Jun Donan, Fellow

Dr Kang Wu, Fellow

Me Ron Hagen, Fellow

Dr Frank Tang. Consultant

S. Issues Addressed in the Final Report

• Energy Pohey Issues and Trends

Trends In energy polICies m Asian countnes, Issues of deregulatIOn, free market

pncmg. and the roles ofgovernments and the pnvate sector

• The formulatIOn of energy pncmg polIcy m the context of natIOnal energy polIcy

Elements m energy pncmg

MultLple objectives menergy pncmg polIcy

IndIgenous energy pnces m selected other Asian countnes

FonnulatlOn ofmdlgenous energy pnces m the PhIhppmes

Examples ofthe use ofthe models m polIcy makmg

• InternatIOnal Energy Pnce Trends

Trends In the mternatlonal oal market, espeCially pertammg to the East-AsIan

market, and the lIkely Impact on Pluhppme domestLc energy pnces

Trends m the AsIan coal market, mcludmg the export avaIlabdlty from major coal

producers and the lIkely unported pnces elf PhllIppmes

• Pnce Band Summary for the Phlhppmes IndIgenous Energy Resources

Based on the results from all the resource costmg and power sector modules, a

summary of the pnce band for the mdlgenous resources wdl be constructed, shOWIng each

pOSSible benchmark pnce In graphlcal form
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• Government Revenue AnalYSIS from IndIgenous Resources

Assessment ofgovernment revenues from the production of IndIgenous energy

resources based on the spltt arrangement (e g, In the servIce contract)

• MacroeconOmIC Impacts Assessment

Assessment on the lmkage ofdomestic energy pnces to the PhilippIne

macroeconomy such as outputs ofkey sectors, especially manufactures, national InCome,

balance ofpayments, and mflatlon effects

• Reports on the Tramlng ActiVIties

• Transfer ofthe models to the Department ofEnergy

• DocumentatIOn ofthe models and model manuals
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6. Project Schedule

(See the attached chart)
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EFFECTIVE
PERSON-MONTHS

075 125 200

066 134 200

025 025 050

030 070 100

075 225 300

Phil U S Total

125 075 200

PrOject Schedule
Prlcmg Domestic Energy Resources of The Phlllppmes

David Isaak

Anlceto Orbeta

M Monies

ReDorts I Dellverables

NIchoIaa Biedermlln

Consultant

C Johnson

W PraWiraatrnad

PrellmlnalY Gas Costs EViluatlon

Resources Data AnalYsis & Assumplions for Modelln

Inception R

Transfer Models 10 DOE C>ffa

Training of DOE Personnel

Coal Geothermal and HYdro Modules and Manuals

Natural Gas Model and Manual

Power Sector Model and Manual

Macroeconomic ImDllcl Models and Manuals

Final Re

Draft Final Re

Final Report Presenla60n

~

I

~~rf~~~'Y'N'''''''!'i'''''\VU\''''''''''''·.....
....
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Note
00000 PrOject Momtonng

In Manila
In the US
Project ActiVity

X Report SubmISSion



7. Tasks of Consultants

(See the attached detail tasks for each consultant)
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Name ofConsultant Widhyawan PrawtraatmadJa

Posltlon

Tasks

Energy Economlst I Project Manager

• Overall project coordmatlon

• To proVlde coordmatlon and facilitation the development ofmodels m natural gas and
other mdlgenous energy resources, and the electnc power sectors, and for finanCial
and macroeconoffilc tmpaets from the energy resource utilization

• To proVide expertise on the comparative analysIs of energy resource utilizatiOn,
especially the companson between natural gas and otl mthe power sector

• To assess the trends mthe mtematlonal otl market, especially pertammg to the East
Asian market, and Its hkely tmpaet on Philippme domestic energy pnces

• To coordmate and facilitate trammg actlVlty for Department ofEnergy offiCials

• To coordmate and facilitate report wntmg, mcludmg model manuals

EWC-PREM 19



Name ofConsultant Manuel Montes

Position

Task

Semor Econonust

To proVlde general adVlce on carrytng out the proJeet-m partIcular, on the analysIs of
financIal and macro econorruc Impacts from the utlhzatlOn of tndlgenous energy resources
m the Pluhppmes and on the natIonal energy pncmg polley recommendatIOns
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Name ofConsultant Charles Johnson

PosItIon

Tasks

Semor Energy EconomIst

• To construct a spreadsheet model mthe power sector that covers compansons of
electnc power generatIon costs at vanous types ofpower plants usmg dIfferent types
offuels based on scenanos ofdomestIc pnmary energy pnces

• To estlffiate fuel netback values m the power sector and to perform sensItIVIty analYSIS
of changmg operatIonal or finanCIal parameters used

• To perform econOInlC pnce assessment on coal, geothermal, and hydro m the power
sector

• To assess the trends mthe AsIan coal market, mcludmg the export availability from
major coal producers and the hkely Imported pnces CIF PhIhppmes

• To formulate and to prOVIde the recommendatIon ofthe natIOnal energy pncmg
pohcy

• To prOVIde a wnte up on the above tasks for mcluslOn mthe project InceptIon
Report, Model Manuals, and Fmal Report
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Name ofConsultant Aruceto Orbeta

PositiOn

Tasks

Econonust

• To trace and construct the flow offunds related to the utihzation of natural gas m the
Pluhppmes (a) productiOn shanng contract scheme for natural gas (i e, comparues
revenues and mcome, government royaltIes etc ), (b) arrangements m natural gas
transportatIOn (I e, plpelme), and (c) government fiscal revenues

• To trace and construct the lmk ofmdlgenous energy resources to macroeconoJnlc
parameters such as balance of payments, production costs of commodities especially
manufactures, national Income and employment, general pnces and mflatlon

• To develop a user fhendly spreadsheet applicatiOns for the calculation and Simulation
of finanCial and macroecononuc lIDpacts from the utilization of energy resources mthe
Phllippmes

• To prOVide a wnte up on the above task for mcluslOn In the project InceptlOn Report,
Model Manuals, and Fmal Report

• To prOVide trauung for the Philippme Department ofEnergy offiCials
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Name of Consultant Nicholas Biederman

PosltlOn

Tasks

Natural Gas SpeCialIst

• To construct a spreadsheet database on natural gas supply and demand

• To construct a spreadsheet database on costs related to natural gas development and
utilizatlOn, Ie, productlOn, transportation (plpelme), dlstnbutlon, and utilization by
sector, for both econonuc and finanCial costs

• To construct a spreadsheet apphcatlon for the calculation ofnatural gas netback
values

• To construct a spreadsheet apphcatlOn for the calculation ofthe costs related to LNG
use m the Phthppmes

• To proVlde a wnte-up on the above tasks for mcluslon m the project reports, Ie,
Inception Report, Model Manuals, and Fmal Report
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Name of Consultant DaVId Isaak

,

POSItion

Tasks

Resource Assessment Speclahst / Energy Modehng

• To construct a user-fnendly spreadsheet model for the natural gas sector of the
Pluhpp10es

• To construct a spreadsheet (or optmuzatlon) model for the utlhzatIOn of energy
resources 10 the Pluhpp1Oes. particularly 10 the power sector

• To perform econorruc comparIsons 10 the utilIzatIOn ofenergy resources 10 the
Pluhpp10es

• To prOVIde a wnte up on the above tasks for 1OcluslOn 10 the project Inception
Report, Model Manuals, and Fmal Report

• To proVlde a wnte-up on the comparative analysIs of energy utlhzatlon 10 the
Pluhpp10es for 1Ocluslon 10 the Fmal Report

• To prOVIde tra1010g for the Pluhpp10e Department ofEnergy offiCials
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Pricing DomestIc Energy Resources: A Model-Based Approach

GAS SECTOR ANALYSIS MODEL

(prelIminary)

INTRODUCTION

The Philippine Gas Sector Analytical Model IS a computenzed technique that

can be used to determine the economic and finanCial costs for developing and utilizing

PhilipPine natural gas resources The model IS deSigned to be used by a trained

analyst In the Interactive mode The analyst defines the supply/demand conditions

applicable for each analySIS (run) made by the spreadsheets The spreadsheets then

utilize the Information In the supply and demand data files, and the economic and

finanCial parameters bUilt Into the spreadsheets, to compute economic costs of gas

supplies and netback values for gas at vanous pOints In the productlon-transportatlon

utilization system

This documentation section of the Gas Sector report Includes two sections

relating to the deSign and use of the spreadsheets

1 The methodology on which the spreadsheets are based IS descnbed

basically, the economic evaluation methods used by the World Bank and

other development organizations to determine the economic costs of

each supply/demand case

2 The spreadsheet architecture and operations are descnbed They are

deSigned for use on a desktop or laptop computer (PC) uSing widely

available spreadsheet software, so that an analyst competent In uSing

the spreadsheet software can be trained to operate the spreadsheets In

minimum time
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The objective of this analytical model IS to provide a consistent means for

assessing vanous gas supply/demand strategies for the Philippine govemment For a

given set of assumptions, the spreadsheets produce economic costs and netback

values for gas

METHODOLOGY

A ECONOMIC COSTS AND NETBACK VALUE CALCULATIONS

Economic Pnce Path Calculation

The economic pnce path of gas calculation IS used to determine the minimum

value of gas at the selected discount rate and cost of production The economic pnce

path IS the weighted average Incremental cost (AIC) of gas delivered to the demand

area plus either the scarcity rent or the depletion value The AIC IS calculated In the

Field Cost spreadsheet and transferred to the EPP spreadsheets to determine the

weighted AIC The AIC IS calculated based on the cost of production and the volumes

of gas produced from the field under analysIs and transported to the demand region

When gas supply exceeds demand, the economic pnce path IS equal to the sum of the

AIC plus the depletion value When gas supply IS less than demand, the economic

pnce path IS equal to the sum of the AIC plus the scarcity rent In order to calculate the

economic pnce path, the analyst must specify the year of economic depletion for

natural gas ThiS can be determined from the graphs of natural gas supply/demand

(spreadshl?et charts 12 through 15) for the specific supply and demand regions being

assessed The equations used In calculating the economic pnce path are given In

Table 1 Note that coal IS the default fuel for calculating the depletion value

EWC-PREM 2
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Table 1 EQUATIONS USED TO CALCULATE ECONOMIC PRICE PATH FOR
NATURAL GAS

When supply exceeds demand

EPP =Weighted AIC In year n + Depletion Value In year n

When supply IS less than demand

EPP =Weighted AIC an year n + Scarcity Rent an year n

Depletion Value an year n =
(Economic Price Path of Coal an year of Economic Depletion)

(1 + Discount Rate) (Year of EconomIC Depletion Year n)

Scarcity Rent an year n = Economic Pnce Path of Coal In yr n - Weighted AIC an yr n

Netback Value Calculations

The concept of netback value IS that the value of gas In a particular end-use

application IS determined by the next lowest cost fuel and the difference In end-use

effiCienCies between other fuels and gas The netback value of gas then becomes the

maximum value of gas for that particular end-use application A weighted average mix

of all end-use applications being considered for natural gas theoretically sets the

maximum value of gas In that demand area Netback values for gas are calculated for

each sector based on the default fuel and the relative effiCienCies between the default

(backstop) fuel and gas

The netback value calculation In spreadsheet 21 consists of a number of data

matnces for each end-use application. where the economic pnce path of alternative

fuels IS adjusted for effiCiency, and the Unit costs of delivery are added For speCific

Industnal applications, plant netback values are calculated based on the Investment

costs for gas and alternative fuels, operating cost, and fuel use effiCienCies These

files calculate the value of gas for these Indu&trIal and electnc power generation

applications that balance the overall cost of prodUCing a umt of product output

8 FINANCIAL COST CALCULATION

The Financial Calculation spreadsheet (No 6) has been structured In

accordance With standard accounting practices and based on the gUidelines
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established by the Philippine's government production shanng agreement with

petroleum producers The key elements In the production shanng agreement utilized In

the financial spreadsheet Include a 5-year straight-line depreciation schedule (this IS

calculated In spreadsheet 7, Depreciation), a Lap on the recovery of expenses of 70%

of the gross revenues with an indefinite carry-forward provIsion, and a 60/40

government/producer revenue shanng split

The finanCIal spreadsheet can be used to determine several parameters

summanzed on the IRR & NPV spreadsheet (No 2)

1 Project IRRs
2 Company IRRs
3 Project NPV
4 Company NPV
5 Government NPV
6 Total Government Income
7 Effective Gas Pnce (With and without government revenue)

These parameters are generated based on the assumptions for gas, condensate and

011 pnces Input by the analyst In the Financial Inputs spreadsheet (No 1) For example,

based on an economic cost of gas of In 2002 af $318/1000 CF and a netback value of

gas for coal-fired, steam-thermal power generatIon equals $2 71/1000 CF If the pnce

of gas IS assumed to be the economic cost of gas In 2002 (I e , $3 18/1000 CF), the

company IRR (exploration start) IS 20% and nominal government Income over the

production life IS $7 6 billion Changing the gas pnce to $2 66/1000 CF (the netback

value of gas vs coal-fired, steam-thermal electnClty generation less a local transport

charge of $0 05/1000 CF), the company IRR changes to 18% and the government

Income drops to $6 4 billion over a 25-year project life These values all assume that

the pnce of condensate and 011 produced are equal to $19/barrel

Thus the analyst can test the Impact of changing gas pnce on the company and

project IRRs, the NPVs generated, and the government revenues recovered

4
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FIELD COST SPREADSHEETS

8/15/96

The FIeld Cost spreadsheet (No 3) uses Inputs on field exploration and

development costs, O&M costs and the production profile resulting from the

Investments to calculate the average Incremental cost (AIC) of producing gas from the

speCific field In the current spreadsheet, the costs and production profile are for the

Camago-Malampaya gas fields operated by Shellintemational and Occidental

Petroleum Co Since no offiCial cost estimatES': tied to a specific production schedule

have yet been prOVided, an estimate of these values based on diSCUSSion with Shell

and Information from the literature has been made

Baseline values assumed are

• Sunk Cost of Exploration equals $175 million
• Total Development Cost equals $1500 million
• Offshore TransmiSSion equals $425 million
• Production Schedule

2002 210 Million CF/Day
2003 330 Million CF/Day
2004 400 Million CF/Day

• Total Recoverable Reserves of 25 Billion CF
• Overall O&M Costs equal 5% of Total Investment

DIscussions With Shell Indicated that approximately 90% of the development costs

would be Invested In the beginning of the project On thiS basIs the assumption was

made to dlstnbute 100% of the estimated Investments over a S-year development

penod The dlstnbutlon of the total assumed Investment by component (e g , wells,

platform, gathenng system and offshore transmiSSion line) was based on standard

Industry practice assuming no unusual problems are encountered dunng construction

of the faCilities

EWC-PREM 5
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DESCRIPTION OF THE SPREADSHEETS

8/15/96

Below IS a list of spreadsheets as they appear In the Gas Sector Model

workbook (Excel 5 for Windows, GASCOST2 XLS)

• Supply/Demand FinancIal/Economic 17 EPP Fuels & CommodIties

Analyses 18 EPP Calculation

1 Financial Inputs 19 Transport Ale

2 IRR & NPV 20 Netback Value Summary

3 Field Costs 21 Netback CalculatIOns

4 Production Investment • Pipeline Slzmg and Costing

5 Adjusted Pnces 22 Pipeline Summary

6 Financial Calculation 23 Pipeline Investment

7 Depreciation 24 P-L Node Data

8 Area Supplies 25 P-L Flow Diagram

9 Area Demands 26 P-L Flow Model

10 Supply Allocation 27 Plpelme Costing Model

11 Supply-Demand Summary • LNG ReceiVing FacIlity Costing

12 S-D Balance - Bataan [Chart] 28 LNG ReceiVing Investment

13 S-D Balance - Batangas [Chart] 29 LNG AIC Calculation

14 S-D Balance - MetroManrla [Chart] • Reference Data
15 S-D Balance - Other [Chart] 30 Conversion Factors

• EconomIC Pnce/Netback AnalYSIS 31 Nelson-Farrar Refinery Indices

16 Default Fuels

Note that the spreadsheets have been grouped Into five categones dealing With

the pnnc.pal purpose of each group Overall the first group -- Supply/Demand

FlnanCiaVEconomlc Analyses - deals With the production and utilizatIon of natural gas

from indigenous natural gas fields In the Philippines The costs assocIated With the

development, productJon and delivery onshore of these supplies are used to determine

vanous financial and economic values assuming an onshore gas pnce The second

group - EconomiC Pnce/Netback AnalySIS - deals With determining the economic pnce

path of natural gas as delivered to potential end-users based on the data and analyses

performed In the first group of spreadsheets The Netback Value of gas for vanous
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end-uses IS also calculated In this group of spreadsheets The third group of

spreadsheets - Pipeline SIzing and Costing - allows the analyst to determine the

diameter and compression requirements, and the subsequent Investment and

economic cost of dellvenng natural gas once onshore The fourth group of two

spreadsheets - LNG Receiving and Costing -- allows the analyst to estimate the cost of

an LNG receiving faCIlity of vanous capaCities, and calculates the average Incremental

cost (AIC) of vaponzed LNG delivered Into a pipeline at the faCIlity boundary Finally,

the fifth group provides some reference Information for converting vanous fuels and

commodlttes to eqUivalent heating value and natural gas volumes, and the Nelsen

Farrar refinery Indices for updating hlstoncal costs Each of the spreadsheets In these

groups IS discussed In more detail below

Group 1 Supply/Demand FinanCial/Economic Analyses

The first spreadsheet - FinanCial Inputs - consolidates the finanCial/economic

parameters used throughout the workbook The second -IRR & NPV - prOVides the

results of the Internal rate-of-return (IRR) and Ilet present value (NPV) analyses The

second spreadsheet also presents the senSitIVIty of the IRR and NPV to assumed

project start dates, the effective pnce of gas with government revenue subtracted, and

the total government Income resulting from the selected onshore gas pnce

The third spreadsheet - Field Costs - contains volumetnc, gas quality and cost

data for Indigenous natural gas supply ThiS spreadsheet IS diVided Into several areas

to allow for the addition of Informatton for more than one field As discussed

previously. the supply area for which Information has been added IS the Comage

Malampaya field The fourth spreadsheet - Production Investment - summanzes the

Investment schedule for natural gas field development

The fifth spreadsheet - Adjusted Pnces - summanzes by year the adjusted

(I e I pnce less government revenue share) onshore pnce of natural gas The

spreadsheet shows thiS information for Camage-Malampaya resulting from the pnce

assumptton used In the financial model
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The Sixth spreadsheet presents the Financial Calculations This model uses the

speCIfic conditIons speCIfied In the production shanng agreement between the producer

and the Philippine govemment USing the Investments, O&M costs, and production

assumptions for natural gas, condensate, and 011, the analyst can test the sensItivity of

the vanous financial Indicators assuming a gas pnce (Input In spreadsheet 1) as, In this

case, delivered to land-fall In Batangas for the Camago-Malampaya fields By

changing these assumptions, other field scenanos can be tested The financial

Indicators that are produced by thiS spreadsheet model are shown In spreadsheets 2

and 5, as discussed above Spreadsheet 7 - Depreciation - calculates the allowed

depreciation for the field development and production Investments used In spreadsheet

6

Spreadsheet 8 - Area Supplies - summanzes the production schedule for the

natural gas fields In spreadsheet 3, and provides a proposed LNG delivery schedule

The LNG delivery schedule corresponds to the proposed LNG receiving facIlity at

Batangas being discussed by First Holdings There IS also an open option - Other - to

Insert any other proposed sources of natural gas

Spreadsheet 9 - Area Demands - presents the demand assumptions by sector

for the major consuming areas around Mamla These areas are Bataan-Lamay.

MetroManJla and Batangas The natural gas reqUirement estimates supplied In the

demand area spreadsheet focus on the proposed Batangas and Bataan-Lamay

combined-cycle power plants

Spreadsheet 10 IS used to allocate natural gas supplies from each of the

sources Identified (plus an Other category) to each of the demand areas (plus an Other

category) For example, supplies of gas from Camago-Malampaya could go to both the

Bataan and Batangas areas The allocation spreadsheet allows the analyst to balance

supply from the fields to these demand areas

The results of spreadsheets 8 to 10 are presented In spreadsheet 11 - Supply

Demand Summary - and the charts shOWing the supply/demand balances for each of

the demand areas In spreadsheets 12 to 15

EWC-PREM 8
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This raw data and partially processed data IS used In this group of spreadsheets

to calculate the required set of data for Input to the economic cost of gas calculations

and subsequently to the netback values calculations

The group of spreadsheets IS deSigned to handle each the demand sector

Individually Gas supply can be deSignated for each demand area from any of the

supply areas In thiS way case studies of gas supply and demand can be run for each

of the demand areas The demand scenano IS determined by the analyst, as well as

the mix of gas supplies from the vanous areas The available maximum gas supply

from each area IS fixed, however (The analyst while working with a fixed set of gas

supply figures could choose to add a speculatIVe field or other source of natural gas

with ItS development costs and quality assumptions to determine the Impact of such an

addition or discovery on the overall economics of gas utilization) The spreadsheets

then calculate, with these supply and demand assumptions In the second set of

spreadsheets, a set of economic gas costs and netback values for each demand area

The analyst then can determine which set of supply and demand assumptions

produces an economically Viable combination for the Philippines and In the case of

multiple Viable cases Which are the most economic

Group 2 EconomiC Pnce/Netback AnalySIS

The first spreadsheet In the group, spreadsheet 16 - Default Fuels - sets the

chOice of fuel for the netback calculations In spreadsheet 21 These fuel chOices

represent the next preferred fuel over natural gas In the end-use applications listed

These uses Include electnc power generation (steam thermal, Simple cycle turbine and

combined-cycle tUrbine), and speCific Industnes (e 9 , urea fertilizer, cement, ammOnia,

steel, methanol and refinery fuel) The analyst sets the fuel of chOice for the netback

calculations In thiS spreadsheet

Spreadsheet 17 - EPP Fuels & Commodities - lists the fuels and commodities

used for both the economic pnce path and netback calculations ThiS spreadsheet IS a

EWC-PREM 9
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database of fuel and commodity pnce forecasts over the analysIs penod In constant

1996 dollars

Spreadsheet 18 - EPP Calculation - calculates and presents the economic

pnce path (EPP) for natural gas produced from the selected field The default field

used In the spreadsheet IS the Camago-Malampaya field This calculation Includes the

AIC for the natural gas from the selected field and the AIC for transportation of the

landed gas to the demand area The AIC for the transportation of the gas IS calculated

In spreadsheet 19 - Transport AIC - and takes Its Investment and O&M costs from the

next group of spreadsheets - Pipeline SIzing & Costing - discussed later In thiS wnte

up

Spreadsheets 20 and 21 - Netback Value Summary and Netback Calculations

- present and develop the netback values of natural gas In vanous Industnal and

electnc power generation end-use applications Based on the selected Default Fuels

(spreadsheet 16), the algonthms In spreadshC'et 21 calculate the value of natural gas In

these applications These values are summanzed In spreadsheet 20

Group 3 Pipeline SIZing & Costing

This group of spreadsheets allows the analyst to determine the transmiSSion

pipeline diameter and compression reqUirements for pipelines of varying capaCities and

lengths located onshore and offshore The diameter, length and compression

parameters are then used to calculate the Investment costs and O&M costs for thiS

pipeline

Spreadsheet 22 - Pipeline Summary - summanzes the parameters for the

pipeline case assessed The values In blue In the spreadsheet represent the

parameters Input by the analyst In spreadsheet 24 -- P-L Node Data - and the values

In black those calculated by the pipeline algonLhm In spreadsheet 26 - P-L Flow Model

The active spreadsheet In thIS group IS spreadsheet 24 In the P-L Node Data

spreadsheet the analyst enters the parameters for pipeline capacity (million of cubic

feet of natural gas per day), the Inttlal pressure Into the pipeline (In pSlg), pipeline
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length (In miles) for the different onshore and offshore segments of the pipeline and the

pipeline diameters (In Inches Inside diameter) These values show In blue In the

spreadsheet The value In red under Pressure, PSIG, on the line for pipe In the Input

Node Data matnx, represents the maximum compression outlet pressure By setting

thiS pressure high (up to a maximum of 1200 pSlg) or low (a value of zero eliminates

compression) the analyst can "optimize" the compression horsepower based on

pipeline diameter and capacity against the delivery pressure The delivery pressure IS

shown In green under the PRESSURE, PSIG, TOTAL line In the Output Node Data

matnx For large Industnal applications and electnc power generation the delivery

pressure should not be less than 100 pSlg Spreadsheet 26 - P-L Flow Model -

contains the algonthms for calculating pressures Spreadsheet 25 - P-L Flow Diagram

-- summanzes the pipeline lengths, diameters and pressures for each of the segments,

and the compression requirements

Spreadsheet 23 - Pipeline Investment -- summanzes the onshore and offshore

line pipe Installed costs and the compression Investment costs These are generated

by the algonthms In spreadsheet 27 - Pipeline Costing Model

As mentioned above, the Investment and O&M costs are used In spreadsheet

19 -- Transport AIC - to generate the transportation AIC cost used In the EPP

calculations

Group 4 LNG Receiving Facllltv Costing

ThiS set of two spreadsheets estimates the Investment requirement for an LNG

Import receiving terminal based on a dally capacity selected by the analyst ThiS total

Investment IS used In the second spreadsheet to calculate the average Incremental cost

of the vaponzed LNG at the outlet from the faCIlity

Spreadsheet 28 - LNG ReceiVing Investment - shows the LNG terminal

Investment cost buildup By entenng a plant throughput In millions of cubiC feet per day

(shown In blue on the spreadsheet), the analyst can have a total Investment cost

generated based on the "built-In" assumptions For more speCifiC estimates, the
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analyst can change the default value'; used In the spreadsheet to more accurately set

such parameters as land purchases & site preparatton, bUilding, roads & fences, utility

connections or manne facIlities, for example, based on the particular conditions at a site

In the Philippines The overall assumption used to develop the Investment costs In thiS

spreadsheet IS that the total capacity of the facIlity Will be from 1 billion cubiC meters per

year up to 5 bcma (100 to 500 million CF/Day) Above this range, a different set of

assumptions IS necessary For example, In larger capacity receiving facIlities the use of

seawater vaponzers for pnmary vaponzatlon of the LNG (With fuel-fired vaponzers as

backup) has cost advantages over the use of fuel-fired vaponzers only In the smaller

capaCJty facilities, the added Investment costs of seawater vaponzers IS not considered

cost effective The Investment costs from this spreadsheet are used In spreadsheet 29

- LNG AIC Calculation - to calculate the AIC of the vaponzed LNG at the plant outlet

Group 5 Reference Data

This set of spreadsheets consists of a table of conversion factors for use In the

netback calculations for determining the natural gas heating value or volume eqUivalent

In vanous Industnal or electnc power processes and for different fuel types The

conversion table IS In spreadsheet 30, Conversion Factors Spreadsheet 31 shows the

Nelson-Farrar refinery Inflation indices used to update hlstoncallnvestment figures to

late 1995 values
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