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ABSTRACT

The main objective of this thesis is to analyze tleeewable energy
installation feasibility, specifically the inclusioof wind energy at the Northern
Interconnected System (SING). As a specific obyecthere is the modification of a
dispatch model to make it capable of including wonventional renewable energy
(NCRE) into its calculations. Also, a method is peed for calculating the firm
capacity of NCRE, as well as developing a genecirique for estimating the emission
displacement. Thus apply these to a wind farm ptojé/ith all this, it is possible to
perform an economic feasibility analysis for theastment of wind energy generation in
the SING, followed by an analysis of the modifioas done to the law regarding
NCRE.

From the simulations, it was possible to see wanat on the system
marginal costs due to wind energy penetration ahlying the first 4 years, due to
unadapted system characteristics. Also, the emmsgisplacement methodology was
applied. Taking the calculations and the estimawdnfirm capacity, the economic
viability methodology was applied. After this, thpplicability of the law modification

was analyzed.

After all methodologies were applied, it is possiltdb conclude that the
installation of wind farms is feasible only undemarket that faces high enough prices,
which means systems where expensive technologies ganerating. It is also
demonstrated that the law in this case generatmsgénincentives for the installation of

wind farms.

In the case of having a coal adapted system, &&riglty price is much
lower, and this makes potential wind farm projestenomically unfeasible. Moreover,
on a market facing these prices, the law does inetagequate incentives for investing,

this because the penalty imposed by law is not arghugh.
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RESUMEN

Esta tesis tiene como objetivo analizar la fagtbil de instalacion de
tecnologias renovables, especificamente la incaguam de energias edlicas en el
Sistema Interconectado del Norte Grande (SING)a Rdcanzar dicho objetivo se
modifica un modelo de simulacion de sistemas etédrpara la incorporacion de
generacion con energias renovables no convenc®o(ERNC). Asimismo, se propone
una metodologia de calculo de esquema de pagoogpengia para centrales edlicas en
su incorporacion en el SING y se desarrolla unaodwbgia generalizada de desplazo
de emisiones para ERNC, y aplicacion de ésta maraates eodlicas. Luego se realiza un
andlisis de factibilidad econdémica de inversiongeneracion edlica en el SING y en
seguida se analiza la aplicabilidad de las modiftoees realizadas a la ley eléctrica en
el contexto de ERNC.

A partir de las simulaciones realizadas es posid@stificar las variaciones
de costos marginales del sistema dependiendo gdenletracién edlica. Asimismo, se
aplicé la metodologia desarrollada para el despd@azemisiones. Con ambos calculos y
la estimacion de la potencia firme se aplico laauelogia de viabilidad econdmica.

Luego de realizado esto, se analizo la aplicaldldialas modificaciones a la ley.

Luego de aplicadas las metodologias indicadasosiblp concluir que la
instalacion de centrales edlicas es factible bajonercado en donde los precios son
suficientemente altos, es decir para sistemas armledexisten tecnologias caras
generando. En este caso la ley genera suficiemtestivos a la instalacion de centrales

edlicas.

En caso de tener un sistema adaptado a carbdmeoid ple la electricidad es
mas bajo y hace que los potenciales proyectos osdlito sean econdmicamente
factibles. Asimismo, bajo este escenario de predadey no genera incentivos a la

inversion, esto debido a que la multa que éstamags muy baja.



1 INTRODUCTION

On the last decade, renewable energy inclusionbkas a very important
aspect of many electricity markets around the woAl this, aiming to reduce the
amount of greenhouse gases (GHG) emitted in theepldo achieve this, the world has

undertaken several methodologies (i.e. Kyoto Padjoc

In the same initiative of GHG reduction and at faene time, increase the
technology mixture and system security, Chile hasetbped modifications to the
electrical law to foster the investments on nonveotional renewable energy
technologies. For designing these law modificatidhe Chilean government looked at

the Australian electricity market and that is whigibriefly analyzed on this thesis.

1.1 Motivation

This thesis has been supported by BHP Billiton enreefore motivated by
BHP Billiton’s sustainable development objectivasd athe clear intentions of the
Chilean government of including renewable energshielogies in the electricity

market.

Therefore, the main intention of this thesis igjiee an initial view of how
viable is the inclusion of renewable energy techgs, specifically wind energy, in the
Chilean electricity market. On developing countrieshewable energy technologies are
a matter of new concern and an investigation wkigganclusion of these technologies

is considered comes with great importance.

Because BHP Billiton’s mining installations are dabed in the northern part
of Chile, this thesis will analyze the inclusion w@find energy in the Northern
Interconnected System (SING). Hence, it analyzesettonomic feasibility of a wind

energy project.



1.2 Investigation Outline and Contributions

As mentioned before, this thesis will analyze thausion of a wind farm in
the SING and examine the effects caused in themsyas well as study the feasibility of
installing this kind of technologies in the systefime feasibility analysis includes an
economic feasibility analysis and, also analyses &ffective the application of the law
would be under circumstances of bilateral energyreats and selling energy to the spot

market.

1.2.1 Hypothesis

The thesis will aim at demonstrating that, destieehigh costs of renewable
energies, wind energy in particular; the energyasion at the SING has created better
economic conditions that make it economically feksithe installation of wind

generators in that system, supported by the regylahanges being implemented.

1.2.2 Investigation Outline

To be able to study the inclusion of wind energytha Chilean electricity
market, this thesis will be separated into theofwlhg areas:

* Overview of existing reality: This part shows a global view of the
world techniques to reduce greenhouse gas emissmosee what
fosters the inclusion of renewable energy on différelectricity
markets around the world. Also, focusing on whattivaded this
investigation, the Australian electricity market bgefly analyzed.
Finally, the Chilean electricity market is explain® be able to know

where the wind energy is being included.

* Methodologies and Initial Calculations:In this part all the essential
calculations for a wind energy inclusion are spedif calculations
like:

=  Wind Resource



= Energy Generation Potential
=  Wind Farm Firm Capacity
= Emission Displacement

= Energy Purchase Contract Price
Also, the methodologies used in the investigatimexplained. Among
the methodologies explained there are:

= Methodology to calculate the emission displacement
produced by renewable energy technologies.

= Investment feasibility analysis methodology.

= Law modification effectiveness analysis methodology
* Simulation Results and Analysis:Here all the methodologies are
applied and results are analyzed. With this, passible to see the
law applicability and the economic feasibility of veind project

development.

1.2.3 Investigation Contributions and Innovative Aspects

The main contribution made by this thesis is anatyzhe inclusion of wind
energy in the northern electricity market in Chtlas type of analysis has not been done
before, covering the many aspects of wind energiugion in Chile. Along with this
analysis, the applicability of proposed changeshef electricity law was studied; this
revision is highly important at the moment in Chileecause of the discussions

concerning these changes.

The main innovation in this thesis is the developmef a global
methodology to overview the wind inclusion feastipiln a thermal centrally dispatched
power pool. Similar techniques has been used iarativestigations but never applied
to the Chilean electricity market. Important areoathe developments to assess the
economic feasibility analysis (including an emissieduction technique) and the law

applicability.



2 OVERVIEW OF PRESENTCONDITIONS

2.1 World View of Greenhouse Gas Emission

A main concern in the world today is how climatecieanging and the real
causes of this climate change. Climate on earthasly managed by the greenhouse
effect, which is a natural process that plays somagrt in shaping the earth’s climate. It
produces the relatively warm and hospitable envitent near the earth’s surface where
humans and other life-forms have been able to dpvahd prosper. It is one of a large
number of physical, chemical and biological proessthat combine and interact to
determine the earth’s climate.

The relationship between the enhanced greenhotesst ahd global climate
change is far from simple. Not only do increasesceatrations of greenhouse gases
affect the atmosphere, but also the oceans, sdibasphere. These effects are still not
completely understood. Also, complex feedback meigias within the climate system
can act to amplify greenhouse-induced climate cbeaogeven counteract it.

2.1.1 History of Greenhouse Gas Emissions Awareness

Serious concern at the prospect of irreversiblengba to climate as a result
of human activities began to surface in the sdientommunity in the 1950s. This
concern was founded on two closely linked consitana: the expectation that the
burning of fossil fuels since the Industrial Rev@n would eventually lead to
significant build-up of carbon dioxide in the atpbsre; and simple physical arguments
which suggested that the greater the concentrafi@arbon dioxide in the atmosphere,

the greater the surface warming.

The First World Climate Conference (FWCC) was coreeby the World
Meteorological Organization (WMO) in February 19@3%xamine the climate issue. An
extensive international array of organizations @nacesses now exist, through which

nations are attempting to achieve coordinated ¢lab@on in the climate change issue.



More importantly, systematic linkages have beembdished between the major UN
system organizations dealing with climate changemfthe monitoring and research
carried out under the World Climate Programme agldted monitoring and research
programs, through to the scientific, technical aodio-economic assessment work of
the IPCC, to the political negotiations of the Feamrk Convention on Climate Change
(FCCCQC) (Australian Government, 2007).
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Figure 2-1: Some of the major influences and evenis the international development of the climate isue

[Source: Bureau of Meteorology — Australian Governrent]

Figure 2-1 shows the evolution of greenhouse gasaras from the time of
the First World Climate Conference (FWCC) and trstalelishment of the World
Climate Program (WCP) by the World Meteorologicaig@nization (WMQO) Eighth
Congress in 1979 through to the Eighth Sessiom@iGonference of the Parties to the
Framework Convention on Climate Change (COP FC@Q)atober-November 2002.
Is possible to see the beginning of the Kyoto prokowhich started on 1995 was
officially opened for signatures on 1997 and sthepplying with force on 2005. Kyoto
treaty goes into effect, signed by major industiions except US and Australia.



2.1.2 Actual Greenhouse Gas Emissions Trend

Global greenhouse gas (GHG) emissions have gromce Spre-industrial
times, with an increase of 70% between 1970 andt.2@ihce pre-industrial times,
increasing emissions of GHGs due to human actevhigve led to a marked increase in
atmospheric GHG concentrations. Between 1970 afid,2§lobal emissions of CO2,
CH4, N20, HFCs, PFCs and SF6, weighted by theibajlavarming potential (GWP),
have increased by 70% (24% between 1990 and 2004),28.7 to 49 Gigatonnes of
carbon dioxide equivalents (GtCO2-eq)(Bureau fovddepment Policy, 2003; IEA,
2006). The emissions of these gases have incresseifferent rates. CO2 emissions
have grown between 1970 and 2004 by about 80% (28%seen 1990 and 2004) and
represented 77% of total anthropogenic GHG emissin2004.

The largest growth in global GHG emissions betw&8i0 and 2004 has
come from the energy supply sector (an increasd4@®6). The growth in direct
emissions in this period from transport was 1208dustry 65% and land use, land use
change, and forestry (LULUCF) 40%.

Between 1970 and 1990 direct emissions from aguaigrew by 27% and
from buildings by 26%, and the latter remained ppraximately at 1990 levels
thereafter. However, the buildings sector has & hagel of electricity use and hence the
total of direct and indirect emissions in this seds much higher (75%) than direct

emissions.

The effect on global emissions of the decreaselabal energy intensity
(33%) during 1970 to 2004 has been smaller tharcdingbined effect of global income
growth (77 %) and global population growth (69%)tbdrivers of increasing energy-
related CO2 emissions. The long-term trend of dimlag carbon intensity of energy
supply reversed after 2000. Differences in termspef capita income, per capita

emissions, and energy intensity among countriesiresignificant.



The emissions of ozone depleting substances (Ob&yatled under the
Montreal Protocol, which are also GHGs, have dedisignificantly since the 1990s.

By 2004 the emissions of these gases were abou2@§éir 1990 level.

A range of policies, including those on climate ryp@, energy security, and
sustainable development, have been effective inciad GHG emissions in different
sectors and many countries. The scale of such mesadwwever, has not yet been large

enough to counteract the global growth in emissions

With current climate change mitigation policies arelated sustainable
development practices, global GHG emissions wilitcwe to grow over the next few
decades. This is proved by the SRES (non-mitigatesenarios, which project an
increase of baseline global GHG emissions by agai@®.7 GtCO2-eq to 36.7 GtCO2-
eq (25-90%) between 2000 and 2030. In these sosnddssil fuels are projected to
maintain their dominant position in the global &yemix to 2030 and beyond. Hence
CO2 emissions between 2000 and 2030 from energyares@rojected to grow 45 to
110% over that period.

2.1.3 Emissions Abatement Measures

International actions to reduce global emissionsggifenhouse gases are
undertaken through the United Nations Framework v@onhon on Climate Change
(UNFCC). The UNFCC was signed by 155 countriesatso called 'Earth Summit' held
in Rio de Janeiro in 1992 and came into force i8418fter ratification by 50 countries.
A national government becomes a party to the camweroy ratifying it. The ultimate
objective of the Framework Convention was "to aehistabilization of greenhouse gas
concentrations in the atmosphere at a level thatldvprevent dangerous anthropogenic

interference with the climate system".

2.1.3.1 Kyoto Protocol (IEA, 2006)
The implementation of the convention is shapedHhgy €Conference of the
Parties (COP) which convenes at regular intervethe third Conference of the Parties



(COP-3) was held in Kyoto, Japan in December 19fi/'veas where the parties debated
and adopted the Kyoto Protocol. The main featufethe Kyoto Protocol were that it
called on the developed countries to reduce theperghouse gas emissions by an

average of 5.2% below 1990 levels by a five yeanroitment period, 2008 to 2012.

In recognition of their different circumstances,untries agreed different
reduction targets. For example, the European Uaigreed an 8 per cent reduction,
while Norway and Australia were actually allowedrorease their emissions by 1 and 8

per cent respectively, relative to their 1990 lsvel

The ratification of the Kyoto Protocol has been enalelayed than was
initially expected. Several parties, led by the dpgan Commission have now ratified

the treaty but many such as the USA and Austrah@ain opposed to ratification.

The Kyoto Protocol now covers more than 160 coastglobally and over
55% of global greenhouse gas (GHG) emissions. Kigptmderwritten by governments

and it is governed by global legislation enactedasrihe UN’s aegis.

The countries that are part of the Kyoto protooc@ aeparated into two
general categories: developed countries, referedst Annex | countries (who have
accepted GHG emission reduction obligations andtreukmit an annual greenhouse
gas inventory); and developing countries, refet@ds Non-Annex | countries (who
have no GHG emission reduction obligations but npayticipate in the Clean

Development Mechanism).

Annex | countries have to meet the requirementdréay establishes. Any
Annex | country that fails to meet its Kyoto obligm is penalized. This penalization is
the submission of 1.3 emission allowances in arsgtcommitment period for every ton

of GHG emissions they exceed their cap in the éoshmitment period (i.e, 2008-2012).

Kyoto establishes that by 2008-2012, Annex | caaathave to reduce their
GHG emissions by an average of 5% below their 16968ls (for many countries, such

as the EU member states, this corresponds to s&bfte kielow their expected GHG



emissions in 2008). While the average emissionsatazh is 5%, national limitations
range from 8% reductions for the European Uniorat@0% emissions increase for
Iceland; but since the EU intends to meet its alticn by distributing different rates
among its member states much larger increase(Rp%) are allowed for some of the

less developed EU countries.

2.1.3.2 Greenhouse Gas Abatement under the Kyoto Protocol
Under the Kyoto Protocol, the greenhouse gas remtucommitments apply

to six gases or groups of gases namely; carbonddiqC0O2), methane (CH4), nitrous
oxide (N20), hydro fluorocarbons (HFCs), per flumadoons (PFCs) and sulphur
hexafluoride (SF6). Those substances that cong&ildot ozone depletion, namely
chlorofluorocarbons (CFCs) and Halons are covergdthe Montreal Protocol, a
separate international agreement. The contributadrtbe different gases are weighted
according to their Global Warming Potentials (GWBWP is defined by IPCC as the
time-integrated commitment to climate forcing froine instantaneous release of 1kg of
a trace gas expressed relative to that of a refergas (CO2). The time horizon used for
the GWP index is typically 100 years. It is impottao note that the contribution of
CO2 to climate change is the most significant btlteé basket of gases covered by the
Kyoto protocol. Therefore, to make significant Iclegm reductions in global warming it
is clear that significant reductions in global aoffogenic CO2 emissions will be

needed, as well as cuts in the other gases.

2.1.3.3 Contributions to Climate Change

The abatement measures proposed under the KyotmcBroto reduce
emissions were: to have improved energy efficieboth in end-use and in the supply
and conversion sectors; to generate a conscienfteelo$witching to reduce the carbon
intensity of fossil fuel use, such as substitutiagural gas for coal; to increase the use of

renewable energy; and use nuclear power.

The nuclear power option has been promoted by ebeumwf Parties at the
outset of the process, but technical doubts ren@imarily relating to safety which
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along with attendant political issues, mean thatear power is not universally accepted

as a mitigation measure.

Many countries are focusing their greenhouse gdsct®n targets on the
first commitment period for the Kyoto Protocol (Bt 2012) and will concentrate on
the low cost, easily achieved options. These optman include: fuel switching (coal to
natural gas), abatement of N20 emissions at adigid plants and methane emission
reduction from natural gas pipelines and from coaling. However, the low cost easy
to achieve options will soon be used up and otherenexpensive abatement options

will then be required, for later commitment periods

2.1.3.4 Flexible Mechanisms

The Kyoto Protocol was designed to set the intesnat legal framework
and regulatory convention to administer and margrigenhouse gas reduction efforts.
Under the terms of the protocol, parties with lgghinding obligations may meet their
obligations through the application of three fldgillmechanisms: Joint Implementation
(J1), Clean Development Mechanism (CDM), and Indional Emissions Trading
(IET). These mechanisms were created by the prbtocenable governments to meet
part of their greenhouse gas reduction commitmieytdeveloping emissions reduction

projects in other countries.

JI projects are undertaken in industrialized caastthat have quantitative
emissions reductions targets, and CDM projectseldosty developing countries that
have no quantitative targets. JI and CDM will tfensenvironmentally-sound
technologies to the host countries, which will sisgiem in achieving their sustainable
development objectives. The concept behind alktihnechanisms is that a proportion of

the required reductions in greenhouse gas emissbosild be achieved at lowest

1 Adipic acid (IUPAC systematic name: hexanedioii)pis a chemical compound of the class of carboxatids. It
is a white crystalline powder appearing as an ecatjueous circumstances, though it is not higblylse.
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possible costs. It is anticipated that applicatoddrthe mechanisms will commence in
2008.

* Joint Implementation (JI): The Protocol establishes a mechanism whereby an
Annex | country (or an entity within an Annex | ¢dty) can receive emissions
reductions units (ERUS) generated by emission temlugrojects in another
Annex | country. ERUs can be transferred as pa# direct sale of ERUs or as
part of a return from investment in eligible prdagc

» Clean Development Mechanism (CDM): The Protocol establishes a mechanism
whereby non-Annex | parties can create certifiedssions reductions (CERS) by
developing projects that reduce net emissions etmfiouse gases. Annex |
parties (both governments and private entities) aasist in financing these
projects and purchase the resulting credits as ansnef achieving compliance
with their own reduction commitments.

* International Emissions Trading (IET): The Kyoto Protocol establishes a
mechanism whereby Annex | parties may trade thmis&on allowances with
other Annex | parties. The aim is to improve to ralleflexibility and economic

efficiency of making emissions cuts.

There are a growing number of projects underwagdasn the application
of JI, CDM and IET. CDM projects can take many ferand include those based on
achieving improvements in energy efficiency (botid @ise and supply side), increased
use of renewable energy sources, methane redufti@n from gas capture from
landfills), fuel switching, enhanced industrial pesses, and the application of
sequestration techniques and CO2 sinks (afforestatid reforestation).



12

2.2 Non-Conventional Renewable Energy in Australia

Renewable energy encloses various methods to &itd emission. The
two most important (or with more visual and mediigact) programs on the renewable
energy matter are Solar Cities and the MandatomnyeRable Energy Target (MRET)
(Australian Government, 2006; Australian Greenho@gce, 2007; Weller, 2001).
Solar Cities is a $75.3 million initiative annouddey the Prime Minister in the Energy

White PaperSecuring Australia's Energy Futyra June 2004.

Solar Cities is an innovative program which is desd to demonstrate how
solar power, smart meters, energy efficiency and approaches to electricity pricing
can combine to provide a sustainable energy futnreirban locations throughout
Australia. It is a partnership approach that ineshall levels of Government, the private
sector and the local community.

Adelaide, Townsville, Blacktown and Alice Springs ahe first four solar
cities announced in Australia. With $49 million &inding from the Solar Cities
initiative, the Blacktown, Adelaide, Townsville adice Springs Solar City consortia
are working with industry, businesses and theialammunities to rethink the way
they produce and use energy. The last city thadrbeca solar city was Alice Springs in
Central Australia on April 2007.

The second program mention before is the MRET. Rarewable Energy
(Electricity) Act 2000 establishes the MandatorynB®able Energy Target (MRET)
which requires Australian electricity retailers aother large buyers of electricity to
collectively source an additional 9500GWh of eletly per annum from renewable
sources by 2010. The target established would gmoeigh power to meet the residential
electricity needs of four million people.

MRET has facilitated the development of additiogp@heration of electricity
from a diversity of sources and contributed to @uction in greenhouse gas emissions.

Instigating a significant boost in investment irtostralia’s fledgling renewable energy
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industry, specifically in regional Australia, MRBEIas established renewable industries
encouraging plant upgrade and modernization praject

The Australian Greenhouse Office’s best estimatettie contribution of
MRET to greenhouse gas abatement is approximat@f/Nt (million tonnes) of carbon
dioxide equivalent (CO2-e) for 2001 and 0.70 Mt ©@D2-e for 2002. By 2012,
abatement is expected to be approximately 6.5 Mteofannum. On 15 June 2004, the
Australian Government reconfirmed its commitmenthi® MRET scheme at the current
level of 9,500GWh by 2010.

2.2.1 Facts of Australian Energy Consumption

Total primary energy consumption in Australia isvdoated by fossil fuels,
where is possible to find crude oil, black coaltunal gas and brown coal. Although
some primary fuels can be used directly by endsyseany need to be converted to a
form which is more convenient for the end userg lédectricity or petroleum. The

electricity generation sector is the largest coresuoh primary energy in Australia.

Conversion processes consume significant amountnefgy. Around 70
per cent of the primary energy consumed to supfdgtrecity to end users is lost in
conversion, transmission and distribution. The dgssepresent 30 per cent of total

primary energy used.

Analyzing the percentage that energy has on therelfure scheme, energy
accounts for a small proportion of expenditure ssnmost sectors (from 1.6 per cent in
the commercial sector to 6.8 per cent in the indalstector) and accounts for around 3

per cent of total expenditure in the economy ahalev

Energy consumption has grown significantly over ldst 30 years, because
of growth in output. But primary energy consumptjer dollar of output is estimated to
have fallen, due largely to structural shifts awaym energy intensive sectors of the
economy. Compared to other OECD countries, Austriadis a relatively high level of

energy consumption per unit of output. However hscemparisons can be misleading
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because of significant differences between countneclimate, energy prices and the
size of energy-intensive industries. Australianrggeprices are low by international

standards.

Consumption of fossil fuels contributes to greerggwgas emissions.
Around 48 per cent of Australia’s greenhouse gas&ons have been attributed to
stationary energy users (70 per cent of these thibudable to electricity generation).
Around 14 per cent of emissions have been attribtdghe transport sector. Australia’s
greenhouse gas emissions from energy consumptiom dgr@wn over the last 30 years
as output has grown. However, emissions per uniugfbut fell by 17 per cent between
1973-74 and 2000-01.

2.2.2 Effects of NCRE in the Australian Electricity Market (NEMMCO, 2007)

To analyze the effects of renewable energy in Alstralian electricity
market, a study in the NEM will be done first besaut is the biggest system in

Australia and could show a tendency on how theaktite market behaves.

If we analyze the list of generators that NatioBkctricity Market (NEM)
has got is possible to notice that renewable engemeration in the NEM constitutes
less than 2% of the actual installed generatioraci&p and its variation in output is

having only very minor effects on power system aratket operation.

What is important to see is that the amount of wgederation could and
should increase very rapidly over the next few geaiith some forecasts predicting up
to 1000 MW of wind energy capability in NSW, 300 MVWictoria, 850 MW in South
Australia and 470 MW in Tasmania. This would take actual 2% of renewable
energy generation to an approximate of 10% on 2@&pending on the real market
growth.

Such levels of intermittent generation will presaatv circumstances to the
Australian Electricity Market and in particular this case to the NEM. To study the
situation that the NEM will experience, NEMMCO hiaitiated exploratory work to
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understand and review operational issues that cemdrge. To date, NEMMCO has
identified issues in the following broad areas:

« Accuracy of central forecasting processes
* Frequency control ancillary services

* Voltage control

* Network management

» Connection issues

NEMMCO believes that one of the keys to better wsid@ding and
adequately addressing a number of these issuagthrtlie market and the power system
will be to ensure that relevant data is accumulatedientify any correlation between

intermittent generation operation and NEM outcomes.

Important points to note are put forward for coesadion in association with
some of the issues identified. In some cases, henyval/ the issue is material its
resolution could require close cooperation betwdéational Electricity Market

participants, including NEMMCO, wind generation gggers and governments.

The NEM design requires NEMMCO to manage the systerough a
central dispatch process, which ultimately resoitsnstructions to all scheduled plants,
and the determination of spot prices for the maskedry five minutes. This central
dispatch process is supported by a suite of céntraanaged but market based
forecasting processes. The market design reliethese forecasting processes to signal
anticipated supply adequacy or price conditiong] #rerefore to see if a response is
needed from participants.

In the NEM there are two different types of genemrst these are the
Scheduled Generators and the others are the NadSleld Generator. The second
generators just mentioned include all the renewablergy generators that are in the
interconnected systems as well as generation wlitér dechnologies that are simply not
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included in the NEMMCO scheduling. So, NEMCO has determine how much
demand and non-scheduled generation there it velltd be able to dispatch the
scheduled generators. Basically the system is figatidoy all the non-scheduled
generation plus the scheduled generation, whegeldt one covers all the remaining

amount of non-satisfied demand, as shown on Figi#te
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Figure 2-2: Components of consumer demand [Sourc&dEMMCOQO]

As is possible to observe in Figure 2-2, variatians non-scheduled
generation will appear as opposite variations ihedaled generation. When the
contribution of non-scheduled generation has aelargriable nature, the scheduled

generation will be increasingly difficult to pretlic

The main issue is that NEM processes that rely orecasting will
potentially become less accurate as the amounhtefnnittent generation (i.e. some
renewable energy technologies) increases. In tee o& generation reserve forecasts,
this could translate into higher reserve level nemuents to cover uncertainties in the

availability of intermittent generation which inases the cost of the entire system. In
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the case of price forecasts, a decrease in prieedst accuracy may be observed, which
produces an uncertainty to big clients in the miarke

2.2.2.1 Long Term Processes

The intermittently profile that the new generatwould show may fosters to
explicitly model the contribution of non-schedulsaurces of supply in the forecasting
process as their volumes increase. While it is pmgsible to precisely specify the
contribution of wind generation or other internmmtesource, NEMMCO thinks that is

possible to improve the accuracy of the forecagts b

1. Applying an appropriate discount factor to the afistd capacity of

the plant — perhaps varying the factor seasonaliyvath location.

2. Determining from historical data the non-schedudederation level
for which each individual power station or wind rfathas a 90%
probability of exceeding (to complement the demémécast on a
10% probability of excedance (POE)).

3. Determining from historical data the total non-slled generation
level that has a 90% POE (to complement the denf@redast on a
10% POE and take diversity into account).

2.2.2.2 Real Time Dispatch

On the NEM the real time dispatch process opemtesy 5 minutes, with
scheduled plant being dispatched to meet the patmil scheduled demand for the
instant in time 5 minutes into the future. This qass also sets the final spot price
applicable for that 5-minute interval. Now, in deténing the scheduled generation
dispatch, it may prove difficult to make any asstions in respect of the amount or
direction of change that might occur in non-scheduyeneration.

When there is not historical operational data add, NEMMCO, initially
adopts the assumption that the intermittent geloeratill not materially change over

the five-minute period, and review this assumptisndata is collected, remembering
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that the amount of intermittent generation todagas big enough to affect enormously
the system . However, if intermittent generationrses have a clear daily generation
pattern, that pattern could be applied to imprdweforecast. In addition, modeling the
non-scheduled generatiseparately from the intermittent generation mayltes more

accurate forecasts that account for daily patteroe accurately.

2.2.2.3 Amount of Renewable Energy in the NEM

In the NEM, as today, the amount of renewable enemgpresents
approximately the 2% (1000 MW approx.). That petaga has not affected the system
yet, this means that the price changes and madietrsities have not being because of

the inclusion of these generators into the system.

Table 2-1: Wind Generation on NEM [Source: NEMMCO]

Name State Technology REG CAP (MW)
Wattle Point Wind SA Wind 90.75
Canunda Wind Farm SA Wind 46
Cathedral Rocks Wind Farm SA Wind 66
Lake Bonney Wind Farm SA Wind 80.5
Wonthaggi Wind Farm Vic Wind 12.00
Codrington Wind Farm Vic Wind 18.20
Yambuk Wind Farm Vic Wind 30.00
Woolnorth Wind Farm Tas Wind 140.00
Woolnorth Wind Farm Tas Wind 114.00
Challicum Hills Wind Farm Vic Wind 52.50
Toora Wind Farm Vic Wind 21.00
Windy Hill Windfarm Qld Wind 12
Starfish Hill Wind Farm SA Wind 34.5
Mount Millar Wind Farm SA Wind 70
TOTAL 787.45

On the table above is possible to see the amouninof generation installed
today in the NEM. It is important to notice thaetregistered generation capabilities are
aggregated, which means that is the sum of martg imone farm. In the next section it
will be specified how the generation matrix will asfge due to the inclusion of

government regulation on renewable energy genexatio

As mentioned before, the NEM has not been affeloyeithe small amount of
renewable energy generation. Taking the data folENMCO about demand and prices
on its systems, and putting them into a graphsipossible to observe some price

variations but these variation have nothing to dith whe inclusion of renewable
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energies. Note that Tasmania is not included bec#us interconnection to the NEM
(Basslink) was done less than two years ago (2@@5i},is difficult to see any important
changes of the price.
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Figure 2-3: Market Prices per System

Figure 2-3 shows the RRP (Reference Regional Piicegach system. This
price represents the marginal price of energy prtido and is defined regionally
because each system operates as an independehsyamid it sells electricity to the
other systems through the interconnectors. Thikesmain reason why the prices are

different.
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The reasons of prices variation can be found ogpart on history of price
forecasts 1999-2006 done by MMA (McLannan Magas#sg&ociates), 4 April 2007.
Basically changes on prices are because weathelitioms, interconnections between

systems, gas supply problems among other circuiwestan

The market and prices future variation will be show the next section,
where the whole Australian market is analyzed unbderview of a study done by an

Australian consulting company to the Australian govnent.

2.2.2.4 Australian Electricity Market

The Australian government has developed an Act €Rable Energy
(Electricity) Act 2000) where imposes the acconipfient of a certain amount of
generation with renewable energy technologies. thigr it has created the Mandatory
Renewable Energy Target Scheme (MRET) which impasesbligation on electricity
retailers and large consumers to purchase a pageof their power requirements from
renewable sources. For liable parties to meet greportion of the targets (percentage
of generation), they need to know their total amoainliable purchases of electricity
(relevant acquisitions). The total liable purchases multiplied by the Renewable
Power Percentage (RPP).

To facilitate this objective, qualifying renewabénergy generators are
permitted to create tradable Renewable Energy ficates (RECs) for each MWh of
renewable electricity generated. Electricity retiel and large customers submit a
legislated number of RECs in proportion to theacélicity purchases in each year of the
operation of the scheme. The RPP is specified enRbgulations for each year and is
used for determining the number of Renewable En@gyificates (RECs) which must
be surrendered by the liable party each compligeee to discharge their liability under
the Act. For example the RPP for 2006 is 2.17%.

MRET has been reviewed in the last years andimgortant to notice the
impacts of changes to the target of renewable gépnarunder the MRET measure.

Basically the target requires the generation 00@,6Wh of extra renewable electricity



21

per year by 2010, enough power to meet the resalaziéctricity needs of four million
people. Note that the MRET establishes a lower Howhich does not mean that it

cannot keep growing after 2010.

The Act specifies that the renewable energy taggteme applies to
electricity sales in all grids bigger than a spedifthreshold of 200 MW. Based on this

threshold, grids included are:

The NEM, covering the interconnected grids of Quésmd, New South Wales,
Victoria, South Australia and Tasmania.

» The South West Interconnected System of Westertr@lis(SWIS).

* The North West Interconnected System of WesterrrAlis.

» The Darwin - Katherine Interconnected System (DKIS)

* The Mt Isa Region grid.

Although customers supplied by smaller grids are lrble under the
scheme to source electricity from renewable gereraiptions, renewable energy in

those systems can still contribute towards meetiegarget in other grids.

To be able to see how the market changes, thet tailybe projected taking
as reference the study done by McLennan Magasassdodates (MMA). The MRET
will increase from 9,500 GWh in 2010 with a lineacrease to 20,000 GWh in 2020.
Each generator, established after 2005, can ongligiele for 15 years worth of RECs.

2.2.2.5 How Renewable Energy Generators can survive in th&ustralian Market?
Basically, renewable energy generators can suiniviee market by earning

enough revenues to cover its capital and operatasts. Renewable generators earn

revenue from the following sources (McLennan MagdsAssociates Pty Ltd, 2003):

» Sale of electricity (energy) in the wholesale marke

* Avoiding network costs and other wholesale markesf This can be
achieved by government subsidies or generatingacatibns close to
the load.
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Revenue from other services provided. For exangame waste-to-
energy generators earn revenue from avoiding |hndfarges and
from processing recyclable material.

All this way to increase revenues can be diminisbyedhe significant costs

these generators have to face. The main cost isahieal cost, which tends to be higher

on a per unit output basis than for conventionalegation. For biomass projects, fuel

cost is also an important cost component. Othetscimgurred include transmission

connection costs, which can be high in remote regji@ncillary service costs and

market fees.

Other factor that compromises a renewable energpeqris the amount of

risks they have to face. These risks include (Wele01):

High sponsor risk. The reluctance of customersmireinto long-
term contracts for the electricity output increaties risks faced by

renewable generators.

Reliability of supply. Intermittent generation f@ome renewable
technologies means they cannot be relied uponrergee in periods

of high prices.

Fuel supply and aggregation cost. For biomass gersrthere are

uncertainties over the amount of fuel available @mdost.
Technology risk.

Large transaction costs. Approval costs and fimrap@osts are the
same for small projects as for large projects, iteptb increase per

unit cost of generation for the small scale rendevabojects.

Due to the high costs that renewable energy gemsrdiave to face,

renewable generation would not enter the marketowit revenue from other sources.

The creation and sale of certificates under MRE&bdss additional revenue to be

earned.
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2.2.2.6 Future Wholesale Price Variations

To determine the future price variations is neagstaestablish the amount
of renewable generation that will enter in the eyst For this, MMA has a detailed
database of renewable energy projects. It contéddsexisting projects, 33 committed
projects (500MW), 120 planned projects (2,960 MWy &9 potential projects (810
MW)(McLennan Magasanik Associates Pty Ltd, 2003)isTmeans a potential of over
4,270 MW of new capacity.

MMA on its study ran a simulation which considereapital costs of the
projects, likely reductions in capital costs overd, operating and fuel costs, connection
costs, and other costs for each project. Takinthalle factors and simulating the rest of
the system, MMA obtained the wholesale electripitiges (AU$/MWh) for 2010, 2020
and 2030, for the different systems around Austr&in Table 2-2 is possible to see that
the prices do not show the same behavior on evgsiem. In Tasmania, South
Australia, Victoria and Queensland the price gggshut in the other systems the price
goes down. This could have an explanation on theuatof renewable energy injected
on each system, that difficult to determine becad8#A does not specify in which
systems go each project.

Table 2-2: Wholesale Electricity Prices (AU$/MWh)

System 2010 2020 2030
Tasmania 35.2 37.1 36.9
South Australia 49.8 51.8 51.1
Victoria 44.2 52 51.1
New South Wales 41.9 38.2 38.6
Queensland 37.3 40.7 39.4
Western Australia 50.8 47 47

Northern Territory 58.5 54.4 54.2
Australian average 454 459 45.5

Albeit is not possible to determine whether or tiw prices vary cause of
the inclusion of renewable generation, it is pdssib compare this prices with the data
obtained from NEMMCO'’s web page. Any change ofhiees there will be because of

renewable generation inclusion. For this comparisenwill take the wholesale prices
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(1999-2005) in the NEM system (i.e. SA, VIC, NSWH&QLD) excluding Snowy river
system and Tasmania system.

Table 2-3: Historical Wholesale Prices [Source: NENICO]

System 1999 2000 2001 2002 2003 2004 2005
New South Wales 22.7 35.6 33.3 39.8 26.4 45.1 35.8
Queensland 41.7 50.4 35.0 47.8 22.5 34.5 25.2
South Australia 54.5 56.9 42.2 35.3 26.7 41.6 33.6
Victoria 22.5 38.2 36.0 33.2 23.1 30.0 26.3
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Figure 2-5: Historical Wholesale Prices on NEM

In the curves shown above is possible to obsemttlie price in a five year
period it has been stable with some tendency tdaym, showing lower peaks on latter
years. In a situation, where the rest of the gemeranatrix evolves without any big
changes of the fuel prices and operation cosfs toisuspect that the price increase

should not be bigger than the variation perceivethe last 5 years.
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Figure 2-6: Four System Price Average
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Observing the price of each system and compariegtlwith the prices
shown on Figure 2-6, is possible to see that pri@a® gone up and the most affected
system is Victoria, where the price difference he tbiggest in the NEM systems
considered. These variations on the wholesale mocdd show that the inclusion of a
greater amount of renewable generation would atfeetprice, pulling it up, showing a
30% variation between 2005 and 2010, taking theaae=of the four systems compared

above.

To show an approximated variation of the prices,wileassume that after
2005 the prices stay on the average of the pass ysashown on Table 2-4. By doing
that is possible to compare this prices with thegsr projected by MMA for 2010
including the MRET.

Table 2-4: Average Prices vs. MMA Projection, per $stem (AU$/MWh)

New South Wales Queensland South Australia Victoria
Average Prices 34.1 36.7 41.5 29.9
MMA Projected Prices 41.9 37.3 49.8 44.2
Variation 18.6% 1.5% 16.6% 32.3%
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Figure 2-7: Price Difference
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2.2.2.7 MMA Projected Technology Mix (MMA, 2003)
Considering the Australian context and the renewvarlergy resources is

possible to assume that wind is by far the mostidant renewable energy resource

accounting for approximately 40% of the total gatien in 2010, referring to the
simulations done by MMA (MMA, 2003).

Generation from bagasse makes up the next highegpogion of

approximately 9% in 2010. It is important to notitat bagasse generation is heavily

constrained by the amount of fuel available.
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Figure 2-9 : Renewable energy technology mix [Souec MMA]



2010
Waste (MSW, WTE) 4.2%
Biomass 0.1%
Bagasse 8.9%
Sewage 2.4%
Landfill Gas 3.0%
Agricultural Waste 1.6%
Black Liquor 0.7%
Food 0.3%
Wood Residues 15.6%
Geothermal 0.6%
Hydro 13.0%
Wind 41.4%
Solar 8.2%

2.2.2.8 Greenhouse Gas Abatement (Australian Greenhouse Qdk, 2007)
A major policy objective of MRET is to reduce greense gases. It seeks to
do this by displacing electricity sourced from higimission fossil fuel energy sources

with electricity sourced from low emission renewabhergy sources.

In 2005, emissions produced by renewable energycesurepresent less

than 0.5% of the total emissions produced by therggngeneration sector and have

displaced nearly 2% of fossil fuel energy sources.
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Determining the level of abatement that MRET hadiea@d is a
complicated and often misunderstood matter. Theeeaanumber of internationally
recognized principles that need to be considerednwéstimating emissions savings,

including energy efficiency improvement of fossérgerators.

The MRET is, no doubt, achieving lower greenhousg gmissions. ACIL
modeling shows that, as a result of this schemesstoms abatement of 7.4 million

tonnes will be attained in 2010.

Based on the emission of renewable technologiespbssible to calculate
that in the case of renewable energies, they pedut5 Giga-grams/MW. Doing the
same with fossil technologies, they generate 6.8fa-Grams/MW. This means that

renewable energy reducing emissions.

2.3 Research on Wind Energy

Wind energy has been a subject of growing intenestdwide. Essentially,

three aspects of wind energy were assessed tofidéng state-of-the art:

1. Wind forecast (references of interest are Ackermann, Ackermdmytz, &
Hobohm, 2001; Ahlstrom, Ahlstrom, Jones, Zavadil, GQant, 2005; M. L.
Ahlstrom, Ahlstrom, & Zavadil, 2005; Anandavel, Amavel, Rajambal, &
Chellamuthu, 2005; Ault, Bell, & Galloway, 2007; ®adi, Baroudi, Dinavahi, &
Knight, 2005; Giebel & Kariniotakis, 2007; Karki Barki, 2004; Potter, Potter, &
Negnevitsky, 2006),

2. System reliability and adequacy( references of interest are Besheer, Besheer,
Emara, & Abdel aziz, 2006; Besheer, Besheer, Emé&raiziz, 2006; Roy
Billinton, Billinton, & Bagen, 2006; R. BillintonBillinton, & Guang, 2002, 2004;

R. Billinton, Billinton, & Karki, 2002; Chen, Chen% Hu, 2004; Kana, Kana,
Thamodharan, & Wolf, 2001; Karki & Karki, 2004; Kar Karki, & Billinton,
2001, 2004; Karki, Karki, Po, & Billinton, 2006; Nfeaprayoon, Methaprayoon,
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Lee, Yingvivatanapong, & Liao, 2005; MethaprayoorMethaprayoon,
Yingvivatanapong, Wei-Jen, & Liao, 2007; Pang, Egs& Troutt, 2000; Pinson,
Pinson, & Kariniotakis, 2003; Piwko et al., 20050tR, Roth, Kuhn, & Wagner,
2007; Sideratos, Sideratos, & Hatziargyriou, 20&Mmith, Smith, Milligan,
DeMeo, & Parsons, 2007; Szabo, Szabo, Biro, Niculdyrca, 2007; Ullah, Ullah,
Thiringer, & Karlsson, 2007; Ummels, Ummels, Gihgs®elgrum, & Kling,
2006; Ummels et al., 2007; Yang, Yang, Wu, Yang{@g Ping, 2004)

3. Market effects of wind energy inclusion( references of interest are Abbey et al.,
2006; Ackermann et al., 2001; Anandavel et al.. 22@ult et al., 2007; Bakshl &
Bakshl, 2002; Baroudi et al., 2005; Belhomme & Battme, 2002; de B.
Camargo, de B. Camargo, Carvalho, Garcia, & Si€@62 Denny, Bryans, Fitz
Gerald, & O'Malley, 2006; Denny & O'Malley, 2000)@7; Dismukes et al., 2007;
Gil & Joos, 2007; Kana et al., 2001; Karki & Karldp04; Keane, Denny, &
O'Malley, 2007; Kennedy, Kennedy, Fox, & Morrow,020) Ko, Ko, Jatskevich,
Dumont, & Moshref, 2006; Limbu, Limbu, Saha, & Mciad, 2007; Manwell,
Manwell, Rogers, & McGowan, 2001; Methaprayoon let2005; Methaprayoon
et al., 2007; Osborn & Osborn, 2006; Pang et 8002 Pinson et al., 2003; Piwko
et al., 2005; Sideratos et al., 2007; Smith et26lQ7; Szabo et al., 2007; Ummels
et al.,, 2006; Ummels et al., 2007; Weller, 2001,n¥eet al., 2004; Ye, Ye,
Barbara, & Sander, 2006; Yong et al., 2006).

The reference list includes the main publicatidmet tvere used as support

for this research.
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2.4 Chilean Electricity Market

The Chilean electricity market can be essentiallydeéd into three main
activities: generation, transmission and distributof electricity. These activities are
done by companies that are totality private camtaitrolled, whereas the government
only has regulatory functions, control functionsdaproposes investments plans in
generation and transmission, although this lastctfan is only a non-compulsory

recommendation for the companies that participatee electricity market.

In the electricity market there are a total of apmately 31 generating
companies, 5 transmitting companies and 34 digtnigucompanies, which altogether
are capable of supplying electricity nationwide.eTtotal demand on 2004 was
48,879GWh. This demand is located along the countrfpur electrical systems (two
large ones: SING and SIC, and two isolated smakoAysen and Magallanes).

The government office that has more participatiom megulating the
electricity sector in Chile is the National Ener@pmmission (Comision Nacional de
Energia (CNE), 2007), who is in charge of elabagatind coordinating plans, necessary
policies and norms, all this to lookout for the doaperation and development of the

national power sector.
2.4.1 Electricity Market Characteristics

2.4.1.1 Generation

Generation is composed by a set of electricity camgs that own
generation plants. The electricity generated bgdlgenerating companies is transmitted
and distributed by other sector companies ungetis to the final consumers. This part
of the electricity market is characterized by ayvesmpetitive market, where is possible
to observe a clear existence of economies of swalihe variable operation costs, and
the prices tend to show the real production matgiasts. Further information for each

system can be found latter on this section.
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2.4.1.2 Transmission

The transmission system is the set of lines, stibeta and equipment
destined to the electricity transport from the p@tn points (generating plants) to the
centers of consumption (big consumers) or distidoutin Chile all lines or substations
with a voltage of 23,000 Volts or higher are coesadl to be transmission. By Law, the
smaller voltage systems are considered to be ldiston. The transmission is regulated
by an open access scheme, this means all genednraise capacity available of

transmission paying the respective tolls.

Given the modifications incorporated by law 19,98arch of 2004) to the
General Law of Electricity Services, the transpafrtelectricity by main transmission
systems and sub-transmission systems are electpulilic services and therefore the
transmission company has the obligation to giveviser (line use), being its
responsibility to invest on new lines or line exdi@ms. In the transmission system it is
possible to distinguish the main transmission sydienes and substations that form the
common market) and the sub-transmission systemes(that allow obtaining the energy

from the main system towards the different locahfsof consumption).

The operation coordination of the generating powsations and
transmission lines is done on each electrical sysby the Centros de Despacho
Econdmico de Carga (CDEC) (Load Economic Dispateht&s — Market Operators).
These organisms are constituted by the main gengrahd transmitting companies of
each electrical system.

2.4.1.3 Distribution

The distribution system is constituted by the linesibstations and
equipment that allow serving electricity to fin@nsumers, located in certain geographic
areas explicitly limited. The distribution compasmieperate under a regime of public
concession of distribution, with the obligationg¥ing the service and being regulated

on its tariffs.
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2.4.1.4 Consumers
The consumers are classified according to the madmof their demand in:

1. Regulated clients: Consumers whose demand of p@v2/000kW

or less.

2. Free or not regulated clients: Consumers whose déns greater
than 2,000kw; and

3. Clients with right to decide on a regime of regethtariff or free
price, by a minimum period of four years of permaeein each
regime: Consumers whose demand is greater thanVW08kd

inferior or equal to 2,000 KW.

2.4.2 CDEC Obligations

The CDECs are obligated by the 1998 Supreme Debi327 of the
Ministry of Mining. Their duty is to regulate theardinated operation of the generating
power stations and transmission interconnecteds liwethe corresponding electrical

system. Their main obligations are:
1. Safe operation and minimum cost of the system

2. To valorize the energy and power for the finandrainsferences
between generators. The valuation takes place@bdhis of energy
and power marginal costs, which varies at every sminand each

point of the electrical system.

3. Periodic energy and power injection and withdrawabee that

generators do in a period of time.

4. Elaborate reference information of the basic amditimaal tolls that

each power station must pay.
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In Chile there are two CDECSs, one for the Sistemtartonectado del Norte
Grande (SING) Www.cdec-sing.gl and one for the Sistema Interconectado Central
(SIC) (www.cdec-sic.dl.

2.4.3 Interconnected Systems

There are four interconnected electrical systems Ghile: Sistema
Interconectado del Norte Grande — SING (Northetarbonnected System), that covers
the territory between the cities of Arica and Amigdsta having approximately 30.17%
of the total capacity installed in Chile; the Smstelnterconectado Central — SIC (Central
Interconnected System), that extends between TattlChilo€, having 69.01% of the
total capacity installed in the country; the Systeiiysén takes care of the Region Xl
consumption with a 0.28% of the total capacity; @ne System of Magallanes, that

supplies Region Xl with a 0.54% of the capacitgtailled in Chile.

2.4.3.1 Sistema Interconectado del Norte Grande (SING)

The SING supplies power and energy to the consumgtof the regions |
and Il covering 24.5% of the continental natioratitory. Approximately, 90% of the
SING’s consumption is made by large clients, whinlkeans mining and industrial
clients, classified in the law as client that ao¢ subjected to price regulation. The rest
of the consumption is bought by the distributiompanies that supply energy to final

small consumers, these consumers are subjectettéoregulation.

24.3.1.1 Generation

There are a total of 6 generating companies opgrati the SING that along
with one Transmission company, they conform the CEEHNG. The SING has
approximately 3,600MW of installed capacity on 200fe generation matrix is mainly
thermoelectric, having approximately 99.6% of itsver station being coal-fired plants,
diesel plants and combined cycle natural gas-fpkhts. There are only two hydro
plants that only represent the 0.4% of the totalegation capacity. During year 2007
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maximum demand reached the 1,510MW, and the grossgg generation was
approximately 13,236GWh.

2.4.3.1.2 Transmission

The transmission system is mainly constituted legteical lines property of
the generating companies, electrical lines ownedlignts and electrical lines of the
transmission companies. Generally electrical lioesed by clients are dedicated lines

that for example go to mining areas like Codelc@HdP Billiton.

2.4.3.1.3 Distribution

There are three distribution companies that openatee SING: EMELARI
S.A. that supplies electricity to Arica, ELIQSA S.that supplies electricity to lquique,
and ELECDA S.A., that provides electricity to Araghasta, and to a part of the SIC,
corresponding to the zone of Taltal. Note that &i@ SING are not interconnected.

Altogether, these three companies take care abadbapproximately 230,000 clients.

2.4.3.2 Sistema Interconectado Central (SIC)

The SIC is the main interconnected system in Clpileyiding electricity to
more than 90% of the country’s population. The 8kends from Taltal in the north, to
the Great Island of Chiloé in the south. Unlike 818G, SIC mainly supplies electricity
to regulated clients (60% of the total supply).

2.4.3.2.1 Generation

The SIC has an installed capacity of 8,632MW (200Vhere are a total of
20 generating companies operating in the SING #hang with some Transmission

companies, they conform the CDEC-SIC.

The generation matrix has approximately 56% of byplower stations and
44% of its power station being coal-fired plantggsdl plants and combined cycle

natural gas-fired plants. During the year the 200€@ maximum demand was
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approximately 4,800MW, whereas the energy grossemgion was around the
38,000GWh.

2.4.3.2.2 Transmission

The transmission system is mainly constituted legteical lines property of

the generating companies and electrical linesettinsmission companies.

2.4.3.2.3 Distribution

care of a total of nearly 3,850,000 clients.

There are 31 distribution companies operating i $1C, altogether take

20,46%

69,74%

0,27%

0,53%

MAGALLANES

2.4.3.3 Aysén System

SIC <

AYSEN -

SING <

Figure 2-11: Chilean electricity market generationdivision

The System of Aysén takes care of the electricitigsamption of the Xl

Region. Its capacity installed to December of th63reaches the 35MW, where 43.8%

is out of thermal technologies power stations, % llydro and 4.3% of wind power.

power consumption was about 112 GWh.

During year 2005, the average demand reached thexamately 12.8MW and the
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This system is operated only by one company, EDEEEN S.A., who
takes care of the generation, transmission andhdisbn of electricity, taking care of a

total of around 20,000 clients.

2.4.3.4 Magallanes System

The System of Magallanes is constituted by threetetal subsystems: The
systems of Punta Arenas, Puerto Natales and PRertcenir, in the Xl Region. The
installed capacity of these systems, to Decembegeaf 2005, is in total approximately
65MW.During year 2005; the integrated maximum dednahthe Magallanes system
reached a value close to 45MW, whereas the enenggrgtion was around 220GWh.

This system is operated only by one company, EDEGM&A., who takes
care of the generation, transmission and distaoutf electricity, taking care of a total
of around 46,000 clients.

2.4.4 Tariff Scheme

The current legislation establishes that the wrffust represent the real
costs of generation, transmission and distributibalectricity. All this cost assumed to
be under an efficient operation of the electriaitgrket. This tariff scheme was designed
to give suitable signals to the companies and thesumers, so becomes possible to
have an optimal electrical systems development.

The general idea is to let prices be set by thketan those segments where
real competition is observed. Hence, when end usewger consumption is lower or
equal to 2,000KW, the market is considered to bataral monopoly and therefore, the
Law establishes that they are under a regime ckpegulation. Alternatively, if users
are consuming more than 2,000KW, the Law allowscerireedom, assuming

negotiating power from both parties, this meansegaors and consumers.

The first group of clients is the Regulated Clgeahd the second are the
Free Clients, although those clients who have aected power greater than 5S00KW
can choose regime (free or regulated).
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Electrical systems that are greater than 1,500KWjeneration installed
capacity; the Law establishes two types of prices:

1. Generation-Transport Prices, denominated “PreciiNdéo” (Node
Price), and are defined on every substation frorare/tthe electricity
supply takes place. The node price will have twmgonents: energy
price and power price. This price is specifiedHartdown.

2. Distribution Prices. These prices will be determirelding the node
price, established in the distribution connectioaings, plus a
distribution added value and plus a toll for thee g the main

transmission system.

2.4.4.1 Node Price

Node prices are set every six months, on April @atbber of every year. Its
determination is carried out by the National Consiois of Energy (CNE); then through
a Technical Report results are communicated toMhestry of Economy, Promotion
and Reconstruction, who does the price fixatiompugh a Decree published in the
Official Newspaper (Diario Oficial). The real cogtslicy and the absence of economies
of scale in the generation segment, allow settsigrace the marginal cost of supply,

constituted by two components:

e Basic energy price. The basic energy price is the marginal costs
average on the study time period, considering that electrical
system is operating at minimum actualized cost pération and

rationalization.

» Basic capacity price: The basic capacity price is the annual marginal
cost of increasing the installed capacity of thectical system,
considering the most economic generating unitsabéished to

provide additional power during the hours of annu@ximum
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demand in the electrical system, increased in aepéige equal to
the theoretical power reserve margin of the speeitctrical system.

NODE TENSION PENALTY FACTORS NODE PRICES
kV CAPACITY ENERGY CAPACITY ENERGY
[p.u.] [p.u.] [$/kW/month] [$/kWh]
D. DE ALMAGRO 220 1.1545 1.2903 4857.11 77.524
CARRERA PINTO 220 1.1572 1.2951 4868.47 77.812
CARDONES 220 1.1518 1.2695 4845.75 76.274
MAITENCILLO 220 1.0988 1.1838 4622.77 71.125
PAN DE AZUCAR 220 1.0979 1.1746 4618.99 70.572
LOS VILOS 220 1.0269 1.0920 4320.28 65.610
QUILLOTA 220 0.9347 1.0000 3932.39 60.082
POLPAICO 220 1.0000 1.0412 4207.11 62.557
CERRO NAVIA 220 1.0237 1.0737 4306.82 64.510
ALTO JAHUEL 220 1.0049 1.0558 4227.72 63.435
RANCAGUA 154 1.0454 1.0941 4398.11 65.736
SAN FERNANDO 154 1.0174 1.0648 4280.31 63.975
ITAHUE 154 0.9604 1.0120 4040.51 60.803
PARRAL 154 0.9631 1.0330 4051.87 62.065
ANCOA 220 0.9455 1.0010 3977.82 60.142
CHARRUA 220 0.9357 0.9910 3936.59 59.541
CONCEPCION 220 0.9702 1.0365 4081.74 62.275
SAN VICENTE 154 0.9897 1.0436 4163.78 62.702
TEMUCO 220 0.9971 1.0481 4254.09 62.972
VALDIVIA 220 0.9889 1.0457 4219.10 62.828
BARRO BLANCO 220 0.9885 1.0507 4217.40 63.128
PUERTO MONTT 220 1.0000 1.0611 4266.46 63.753
PUGUENUN 110 1.2717 1.3494 5425.66 81.075

Figure 2-12: Penalty Factors and Node prices for &I's substations

For each one of the substations in the electrigalesn an energy penalty
factor is calculated and also another factor fowgropenalty; that multiplied by the
respective basic price, determines the energy @k power price in the respective

substation. These factors can be found in the TieehReport published by CNE.

2.4.4.2 Tariffs Types
As mention before, in Chile there are two typegl@nts:free clients who
are connected to a power equal or greater tharORWO andregulated clientswith

connected powers less than this number.
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The tariffs of distribution in Chile are regulatey the National Commission
of Energy (CNE), and there are different optionganiffs according to the necessity of
the client, which are specified in the N°632 Deaé&®ctober of 2000. From that decree

the following tariffs are obtained:

2.4.4.2.1 Tariff options

The clients will be able to choose one of the fwilgg tariff options freely,

with the limitations settled down in each case.

* BT1 Tariff (Low Tension 1): This tariff is an option of a simple
tariff in low tension aimed for clients with simpknergy meter.
Clients eligible to use this tariff are clients lwipower consumption
inferior to 10 KW and those clients who installep@ver limiter to

meet this requirement.

* BT2 Tariff (Low Tension 2): This tariff is an option of tariff in low
tension with contracted power. Eligible clients mbave a simple
energy meter and contracted power. The clientsadoide to choose
this tariff will be able to freely contract a maxam power with the
respective distributor, this tariff will last fo2Imonths from the start
of the contract. During this period the consumeils vot be able to
diminish nor to increase their contracted power hait the
distributor consent. At the end of the annual uséhe contracted
power the clients will be able to contract a newweo The
consumers will be able to use the contracted paateany time
without restriction during the usage period of tbistracted power.
Nevertheless, the contracted power that the ctlemands will have
to be fitted to the capacities of limiters avai@abi the market.

e BT3 Tariff (Low Tension 3): This tariff is an option of tariff in low

tension with read maximum demand. Eligible clienmtast have a
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simple energy meter and a read maximum demand.illt be
understood by ‘monthly read maximum demand’ thénésg value of

the integrated demands in successive 15 minutésdser

BT4 Tariff (Low Tension 4): This tariff is an option of an hourly
tariff in low tension. This tariff aims for clientwith simple energy
meter and contracted or read maximum demand arndaowittracted

or read demand on the electrical system peak hours.

AT2 Tariff (High Tension 2): This tariff is an option of tariff in
high voltage with contracted power. This tariff girfor clients with

simple energy meter and contracted power. Thetslwho decide to
choose this tariff will be able to freely contractmaximum power
with the respective distributor, this tariff with$t for 12 months from
the start of the contract. During this period tbesumers will not be
able to diminish nor to increase their contractedvgr without the
distributor consent. At the end of the annual usé¢he contracted
power the clients will be able to contract a newweo The

consumers will be able to use the contracted poateany time

without restriction during the usage period of tbistracted power.
Nevertheless, the contracted power that the ctiemands will have

to be fitted to the capacities of limiters avai@abi the market.

AT3 Tariff (High Tension 3): This tariff is an option of tariff in
high tension with read maximum demand. Eligiblemis must have
a simple energy meter and a read maximum demandillitbe

understood by ‘monthly read maximum demand’ thdésg value of

the integrated demands in successive 15 minutésdser

AT4 Tariff (High Tension 4): This tariff is an option of an hourly

tariff in high tension. This tariff aims for clienwith simple energy
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meter and contracted or read maximum demand arfdoeittracted
or read demand on the electrical system peak hours.

2.4.5 Energy and Capacity Exchange and Charge

In Chile, the energy is negotiated between geneyabmarginal cost in the
spot market. This energy market has to take placause generators have to fulfill their
bilateral contracts and to achieve that sometinee®iating companies have to buy the
missing generated energy in the spot market. Ioitapt to remember that generators
are dispatched by the CDECs on an economic systeemation basis, therefore
sometimes a generator with a specific contract lsirwil not be dispatched and has to

buy energy for the spot market.

Other energy transaction is done between generatatsdistributors. This
energy is sold at node price in a regulated maikee. other exchange is done through
agreed free prices between generating companieslamgd industrial clients on an

unregulated market basis.

The capacity however, is paid mainly including aplieit charge for power
to the bill that users pay for the electricity seergy charge). The capacity payment,
known traditionally in Chile as payment by firm eagy (Potencia Firme), is a
fundamental component for the economic floatabiityhe generation projects and has
taken special relevance for the renewable energjegs because at the moment there
are not clear rules about the power percentaga fenewable energy generator that can

be remunerated for power assurance.
2.4.6 Non-Conventional Renewable Energy in Chile

2.4.6.1 Renewable Energy Technologies Overview

Chile is characterized for having a big amount efeawable energy on its
generation technologies (Hydro). However, this amiaf hydro power does not enter
into the account of non-conventional renewable gnéNCRE) technologies. In Chile,

technologies considered to be non-conventional are:
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« Small Hydro plants (less than 20MW)
* Biomass and Biogas

* Geothermal

* Solar Energy

*  Wind Power

» Wave Energy

Chile has a total generation capacity of approxahyatl2,300MW.
Considering the total amount of non-conventionalemable energy including all
electrical systems on 2006; Chile has 2.4% ofataltgeneration being produced by

NCRE, this represents approximately 295MW.

Biomass, 1.48% Wind, 0.02% Small

Diesel, 3.50% _/

Figure 2-13: Installed Capacity in Chile — 2006 [Sarce: CNE]

If Chile is observed by electrical systems, thes4interconnected systems
along the country and each system contributes saime NCRE. In Figure 2-14 is

possible to see the amount of NCRE on each system.
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T~ Conventional (100%)

Figure 2-14: NCRE technologies in Chile, 2006 [Soce: CNE]

The Chilean government is trying to increase theellef investment on
renewable energy technologies. The main purposigotindertaking is to provide Chile
with supply security, to improve the supply effitdy and to create a more

environmental friendly development of the electresctor.

To be able to increase the supply safety is nepedsadiversify the
competition to be able to create a more competitnaeket. Also, to generate a safer
supply environment is indispensable to have a miughrid generation technology
matrix. Another big player on supply safety is theel dependency, which means
depending on other countries fuel supply, thiggerg a hard to control electricity price.

Other important matter that could be helped byNGHRE is the sustainable
development of the energy sector. This aims to hHaeénologies that inflict lesser
environmental damage and that allow to developetaetrical system with nil impact of

greenhouse gas emissions to the atmosphere.

2.4.6.2 Chilean Renewable Energy Technologies Capability
Chile has many renewable energy resources, whatslates into different

technologies that can be located along the coufing main technologies and with
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more potential of development in the country am@ma® Hydro, Wind, Solar, Biomass,
Wave and Geothermal.

2.4.6.2.1 Small Hydro

These are small power plants, which are capablgeokrating less than
20MW. Endesa has already got a projected plantetmétalled in the Ojos de Agua in
the VIl region with 9.5MW to be installed by 2008.

2.4.6.2.2 Wind

Wind energy has great potential in the north ofl€hAs today, there is only
one wind farm in the country located in the Aysgstem. This wind farm has 2MW of
generating power. Endesa has projected a 9.9MW ¥and to be located in the IV

region and being able to generate 26GWh per year.

2.46.2.3 Solar

The north of Chile has marvelous potential for s@aergy development.
Nevertheless there are not many projects relatedl&r energy in the country.

2.4.6.2.4 Biomass

Biomass is basically solar energy transformed bgetation on organic
matter. Into the category of biomass fuel there agecultural, forestall and animal
residues. According to reports done by PRIEN ofdrsity of Chile, there is a potential

of more that 300MW is the forestall plantation rémsaare used.

2.4.6.25 Geothermal

According with information obtained from the miningndersecretary's
office, Chile has a usable potential of up to 3N%0 on geothermal resources. The
main issue that holds back this energy developnsettie initial installation costs. Is
important to know the geothermal energy is thedthiost important primary renewable

energy technology in the world.
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2.4.6.3 Renewable Energy Future

The future development of renewable energy in Ciéle good potential. At
present there are 22 NCRE projects being evaluatetie matter of environmental
impact. Taking all the projects together add upMBbof power that could enter in the

electricity market in the future. The projects basically:
* Small Hydro : 14 Projects (128MW)
* Biomass : 2 Projects (15MW)
*  Wind : 6 Projects (312MW)

Also, there is a CNE-CORFO contest to support stidon NCRE
investment. This contest has favored 86 projectsglware now being evaluated. These
projects represent approximately 640MW of instalgherating power with a total

investment of AU$997 million. These projects are:

e Small Hydro : 40 Projects

* Biomass : 17 Projects
« Wind : 28 Projects
* Geothermal : 1 Project

The main problem that holds the development backhés investment
amount. The different projects require a low vaitigbon future revenues (medium and
long term) because each project is very capitabnsive. Other problem is the
competitive disadvantage when it comes to enter atket where conventional

technologies have more possibilities to creatddydh contracts with customers.

2.4.6.4 Technology Reference Price in Chile

To be able to install different technologies in éhectricity market they have
to be cheaper than the price established in th&ehafFhis means that the sale price of
the generators has to be higher than the mononriat ghey have got for the

technology. In Chile energy is getting more expensiue to fuel dependency and world
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fuel price rice; this makes it possible for teclogis with higher costs to be able to
enter the market and sell its power and energy.

In Chile, the law (Ley Corta Il, May 2005) tries toasure required
investments in the electricity market and also ®é&d costs to be as close to the real
generation costs as possible. To accomplish thike @Ghs a contract auction mechanism
where distribution companies satisfy their eledyineeds with the generators offers,
obviously trying to accomplish the lowest possitxst. For this generators are obligated

by the nature of the auction to bid with their reaséts.

160%

140%

136%
120% —
118%
100% —
100%

80% |— 93% |

60% [— —

40% —

20% | —

0%
Licitation Price Coal-Fired LNG Wind Power
(Oct 2006)

Figure 2-15: Technology Necessary Price to Enter ffarce: Colblin S.A.]

Because of the increase of the electricity pri¢es inclusion of other
technologies becomes real. Usually projects witthéi risk, located in less favorable
areas and with smaller generation capacity wileennder this conditions. It is known
that renewable energy technologies have higher mairices and, when the price

goes up, is very likely for renewable energy tedbgies to enter.

Taking as reference the auction price obtained otoli@ér 2006, Colbun
S.A. calculated the percentage of that price coegparth the monomial price of other
three technologies. Figure 2-15 shows that cohlgkly competitive and the other two
technologies are not far behind.
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2.4.6.5 Renewable Energy Market Incentive

The Chilean government has developed modificattorthe electricity law
to foster the renewable energy growth in the dl@ttrmarket. This law project intends
to create the conditions to materialize non-coneeal renewable energy projects, and
to generate confidence in the electricity markéatesl to the development of these

technologies in the long term.

The law modifications instate that the 5% of thgedted energy by
generating companies has to be accomplished byNE@RE technologies, this energy
could be used by retailers or free clients. Thesfthe electricity companies should
annually certify that the 5% of the total commelized energy has been injected by

NCRE sources.

To make the 5% accomplishment easier and morebfexine NCRE
requirements could be generated on any intercoedesystem and also companies
could use NCRE generated the year before the yedweaequirement only when that

energy has not been declared previously.

The requirements imposed by this law project sfastin the energy
generated from year 2010 and lasts for 20 year$0c2019). Only the NCRE projects
interconnected after May 2007 are eligible to gateeunder the 5% imposed by the law
project. In case a company does not meet the mgemts they will have pay a fine

equivalent to the non supplied renewable energy.

2.4.6.5.1 Effectsof the Law Project

This law aims to increase the amount of NCRE geéioeran the Chilean
electricity market. The main effects projected bg Chilean government are an increase

in the NCRE generating capacity (Figure 2-16).
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Figure 2-16: Projected NCRE New Capacity [Source: NE]

Apart from the obligations this law project will pose, is important to
notice that NCRE projects will become more effitjepecause conventional energy
generating companies have to internalize the dodteonew technology into the offers
made to the final customers. Also, the Chilean gawent reckons the price should not

vary much because there are many NCRE projectsathdtighly competitive.
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3 METHODOLOGY ANDINITIAL CALCULATIONS

3.1 Wind Resource

To be able to estimate the amount of energy gesebitat each wind turbine
is crucial to gather wind data from sites locatethiw the SING. The data used was
from a site located close to Calama Airport in iheegion and contains data for a period
of one year (Jan 2004 — Dec 2004), from now onrredeas WP site. All wind data is
included in the appendices section. The charatit=isf the site are as follows:

Table 3-1: WP Site Characteristics

Annual Average Air Density 0.95 (kg/m°)
Elevation 2,400 h.a.s.l.
Annual Average 23°C
AOLUELDNTE SN G0 7.5 m/s @ 70 metres

3.1.1 Data validation

To validate the wind data from the site (Figure)3vilind data from Calama

Airport was requested to the Chilean Meteorologi@ahtre www.meteochile.dl, where

the data supplied covers a 10 year period (1994200 an hourly basis (Figure 3-2).

4.0

Wind Speed [m/s]

SOoPRrRrNMNNW®W

ocoubLouwhouwown

Lo — S — SN - — S — N =R =

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 3-1: WP Site 2004 Wind Data
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With this amount of data is possible to analyzelibkavior of the wind for
each year and with this uphold the veracity of tharmation for the site under

investigation.

Wind Speed [m/s]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 3-2: Calama Airport 1994-2004 Average Wind Rta

Basically, the airport data is compared with théadmom the site. The
easiest and more effective way to compare thesedata sets is to obtain the wind
behavior along the day. Then, if this curve hasralar behavior is necessary to build a
histogram of the data for each location. Both @fsthcurves will show the similarity of
the overall behavior throughout the year, for thelsees and therefore becomes possible
to assume that site will perform like the CalamgpAit.

Calama Airport has been registering wind data ftomngy time and this data
is used to analyze the similarity in behavior oftbmcations. For Calama Airport, two
indicators were obtained, the hourly average fargwnonth and the standard deviation
for the averaged data. In this case the standawihtd® is 0=0.53[m/s], which
represents that the interannual wind variabilityvesy low and makes possible to
represent Calama Airport’s wind behavior with oolye year data, which will be the

hourly average per month already determined (Figt2g
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Figure 3-3: Wind behavior throughout the day

As is possible to see on Figure 3-3, the wind hassame behavioral pattern
for both places. During the day there are two murms, one located between 7am and
8am and the second located between 6pm and 7pmpddie wind can be found at
noon. From this figure is likely to suppose thatthbgites can be compared on a

frequency graph, which is the histogram for eadation.
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Figure 3-4: WP Site Histogram

On Figure 3-4 is possible to observe that betwgen/s and 10 m/s the
most frequent wind speeds can be found. The foligWigure shows the shape of the
histogram on Calama Airport. This figure shows atreamely similar histogram, where
the most frequent speeds are located in the saergah
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Figure 3-5: Calama Airport Histogram

With these figures is enough to say that the godieta can be assumed to
behave with a similar pattern with the Calama Aitmgtata. With this, the data from WP
site can be use to estimate the energy that a sagpeind farm located on this site can
generate for the years this wind farm will be watkils important to remember that the
interannual wind speed variability in Calama Airpisrvery low, which means that the
interannual variability on WP site will be as lokigure 3-6 compares both histograms,

Is possible to notice the similarity of both curves
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Figure 3-6: Histogram Comparison

3.1.2 Wind Speed Probability

Other than knowing that at the WP site the intesahrwind will behave
without much variation, is important to know thepability of occurrence of a specific
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wind speed. To achieve this is necessary to apmabei the histogram curve to a
Weibull distribution curve. The methodology to deeaghe Weibull distribution is
included in the appendices. Figure 3-7 shows thaeltiag Weibull distribution for WP
site. To have clearer view of the probability ofertain wind speed happening Figure
3-8 shows the cumulative distribution, this figunéends to show the probability of a

specific wind speed being smaller than the wincedEhown by the graph
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Figure 3-7: Weibull distribution for WP site
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Figure 3-8: Wind Speed Probability
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3.2 Simulation

The simulation model used is a multinodal multi-demodel designed by
KAS Ingenieria, used in the SIC and capable of kitmg systems with a hydro-thermal
generation mix. In this model is possible to inédishe capacities and limitations, merit
list dispatch behavior, demand forecast, inclugibfuture generation and transmission
projects, hydrology variability, etc. The model l@so been used in the SING, where is
a much more simplified model, where there is natessary to consider hydrological

variability due to a mainly thermal system.

3.2.1 OSE2000 Simulation Model

Due to the random pattern of the hydrological \daahat exists on most
electricity markets, is indispensable to have a ehodapable of modeling the
hydrothermal behavior of these electricity mark€@SE2000 is a robust toll, capable of
solving the hydrothermal problem of an electriamarket. Specifically, OSE2000 is

capable of:
» Determining the optimal operation of dams on aesyst

» Determining the economical dispatch of each unthesystem for a
specific demand (separated on demand blocks) cenrsid

transmission restrictions and losses on transnmdgies.
« Calculating the marginal costs for every systemenod

The model is capable of simulating the system withdefined time period,
for which is necessary to estimate the future syslemand and also the fuel prices for
each unit in the system. For the case of a sinmrati the SING; it is not necessary to

consider the hydrological variable because theegys$, almost completely thermal.
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3.2.1.1 Generating Units on OSE2000
Generating units on OSE2000 can be separated on:

e Thermal

e Dam Hydro

* Run-of-River Hydro
* Virtual

* Fault

For each one of these types of generators therthigae global data that the

model considers:

» Parameters Structure: Basic data which does not vary throughout

the simulation time horizon.

* Maintenance Structure: Data that varies throughout the simulation

time horizon.

e Variant Data Structure: Data that varies within a year.

3.2.1.2 Unit Representation
3.2.1.2.1 Thermal Units

Thermal units are represented by its power capamity its variable cost,
which could vary monthly throughout the simulatiworizon. The variable cost for each

thermal unit is determined as follows:

CVar = ILI X CVarFuel + CVarNoFuel (3 1)

where,
C
U =Thermal Efficiency
= Fuel Variable Cost
= No-Fuel Variable Cost

=Unit Variable Cost

Var

CVarF uel
C

VarNoFuel



56

For this type of unit there are also consideredfdineed unavailability ratio
and a maintenance program, which is detailed foh eait.

3.2.1.2.2 DamHydro

Dam hydro units are represented by the volume flate influencing the

behavior of the unit's dam. The hydraulic balangeagion is the following:
Qgen+ Qspl+ inl + eva = afl + Qja\ (32)

where,

Q,., =Volume Flow Rate for Generation
Q. =Spilled Volume Flow Rate

Qq = Filtered Volume Flow Rate

Q,., =Evaporated Volume Flow Rate
Q. =Affluent Volume Flow Rate

Q,, =Balancing Volume Flow Rate

Affluent

/;porations

Connection
Node

Generated Volume
Flow Rate

v

v

Spilling  Filtering

Figure 3-9: Dam Hydro Connectivity
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3.2.1.2.3 Run-of-River Hydro

Run-of-river hydro units are represented in the eho@s an equivalent
thermal unit. Where, the generation volume floverat the smaller value between the

affluent and the maximum generation volume flow.

Affluent

Connection
Node

v
Spilling Generated Volume
Flow Rate

Figure 3-10: Run-of-River Hydro Connectivity

3.2.1.2.4 Fault Unit

Fault hydro units represent the significance of-sopplied demand on a
specific node. This unit is automatically assignedll nodes enabled to have virtual
units and that have an assigned demand.

Fault Unit

To Units or
Lines

Industrial and/or
Vegetative Demand

Figure 3-11: Fault Unit Representation
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3.2.1.3 Transmission System Representation

OSE2000 incorporates transmission restrictions &nd losses in the
optimization decisions. Transmission losses are aieadlinearly per section, which
varies depending on the current flow. This typaemafdeling is a good approximation,
because the error compared to a quadratic funigioat considerable.

Transmission Transmission
Losses Losses

Connection Connection
Node A Node B

Figure 3-12: Transmission Loss Modeling

Figure 3-12 shows how OSE2000 represents the tiasem losses in the

connection nodes. Losses can be associated tonitteng and/or the receiving node.

3.2.1.4 Demand Representation

In the model, demand is represented by two diftetgmes of demand. One
is the vegetative demand and the other is the tnduslemand. Industrial demand is
represented by connection node and associated aoraral growth rate per node. This
type of demand is distributed using load duratiorve factors; these factors are unique
for industrial demand. Vegetative demand is repriesethrough an annual demand and
an annual growth rate; this demand is distributerag the different nodes with node
distribution factors and is distributed over theadoduration curve using other

distribution factors.

The load duration curve has to be represented wigmgand blocks. The
number of demand block will depend on the demaratateristics of a system. With
the amount and duration of each demand block isiplesto calculate the load duration

curve distribution factors.
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3.2.1.5 Mathematical Model

OSE2000 mathematical model basically is a lineatimopation which
minimizes the system operation cost consideringciimeent value of generating with
different technologies in the system and the fut@ee of dammed water, which would
be an opportunity cost of not generating with hyalnits at some stage.

The global optimization problem is:

N Ng

P )Min{ZZ[Pm EQCM X, , +(1+d) O, (X“))ﬂ (3.3)

t=1 s=1

subject to
A X +E X, = B, 0 1lst<N, [Ul<s<N;
A X = B, U 1lsss<N;
Xt,s < Xt,s < Ht,s
X, <X, <X,
where,
d  =Discount Rate
t  =Stages (time)
s =Simulation Sequences

N, =Number of Hydrological simulation sequences
N, =Number of decision stages(time)

For each t and s,

A, = Electrical Connectivity Matrix

E,, = Hydrological Connectivity Matrix

P, = Probability of 's" happening on 't

C., =Operation and Penalty Costs Vector

B, = Maximum Connectivity Vector

X, = State Vector (Electricity Generation or Water Use)

fr (XT+1,5) = Future Cost Function on the last simulation time stage

The minimization problem shown by equation (3.3)eidremely large,

therefore is necessary to use advanced solvingnicpods to solve the problem.
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OSE2000 wuses Blenders’ decomposition to obtain tisolsi to this problem

consideringf, (ers) =0.

Using Benders decomposition allows obtaining a tsmufor the problem
using an iterative algorithm, where time stagesd&eoupled, representing the future
operation with a relaxed future cost function facle decision stage. The relaxed
optimization problem showing only one decision st&gand one simulation sequence

‘s’ can be written as follows:

P)Min| P, tfc, X, +(1+a) OF, (X....)) | (3.4)
subject to
14ts [)(ts *-l;ts [](t+Ls = lgns
14TJ [}(Ts = lgTs

Benders’ algorithm builds the future cost functiﬁl(Xles) iteratively until

achieving an operation cost equal to the operatast estimated by the relaxed future

cost function, this means:

Ny Ny

(1+d) D P, O (X)) [+ 2, -k <2< (1+d) DD | P, OF (X0, ) |+ 2 +k (&7 (3.5)

s=1 s=1

N
|
M=
1
=10
+ |
e
L__:_i__J

N%

= Expected Optimal Operation Cost Present Value

*

t

N

= Expected Optimal Operation Cost Present Value on Stage 't'
=7  Standard Deviation

~ Q

= Wanted Precision



3.2.2 OSE2000 in the SING

61

When modeling the SING using OSE2000 is necessargnter every

characteristic of the system into the input fileghe model. Is important to know that in

the SING the model gets simplified; this because dlectrical system is only thermal

and therefore does not have to face the hydrolbgar@ability. Due to the hydrological

variability inexistence the mathematical model bees a multinodal thermal dispatch

and therefore the model shown by equation (3.4% getplified. The mathematical

model for the SING would be:

P )Min[Cm g + t)]

subject to
AL E T +PL() = D, (1)
47,18, =0 (2)
C. = [enclr] (9)
90 <90 <3t (4)
fosS fosShh (5)
6,.<6,<8, (6)
where,
1) = Kirchoff Current Law Balance
2) = Kirchoff Voltage Law Balance
3) =Cost Vector (Thermal Cost, Line Use Cost)
4) =Thermal Generation Restriction
5) = Line Flow Restriction
6) = Connection Node Angle Restriction

D, =Connection Node Demand Vector
P

) ( f 5) =Transmission System Losses Function

(3.6)
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3.2.2.1 Wind Energy Inclusion

To be able to include wind energy, the model waaptetl by adding the
wind farm as if it was a run-of-river generatingtuthis to be able to introduce the wind
variability. Using the wind generation potentialgessible to include it into the model
by introducing this data in the ‘run-of-river hydmgy’, which is the affluent file,
making sure that the input file is receiving enetdgya instead of volume flow rate. This

data is included weekly, which allows showing saragability of the wind.

Due to model limitations, the software will not bble to perceive daily or
even hourly wind variability and therefore will nbe able to know exactly how the
system will behave. Albeit, due to wind charactesss analyzing wind energy using
OSE2000 is a good approximation and the real behahould not be excessively

different.

3.2.3 Simulation Scenarios

The simulation scenarios considered in the modaeweenty different
cases, which tried to represent different situaionwhich the electrical system could
behave differently under the inclusion of a windnia The scenarios considered three
different connection nodes, three different windrfasizes and two cases of demand
growth. Also were included two base cases withaatlvenergy inclusion, one for each

demand scenario. The simulation cases are detzled.

0'Higgins 220 ST.TIMW
Connection Nodes = < Calama 110 Wind Farm Sizes = < 90.75MW
Crucero 220 173 25uwW

Normal Growth Demand

Demand Scenario =
High Growth Demand
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3.2.3.1 Demand Scenarios

For the demand, is necessary to define six demdmecksd for the load
duration curve definition. As shown previously, tlkemand cases represent two
different demand growths, one is a normal demaodsr, which is the growth assumed
by the National Energy Commission (CNE) and theepthies to show a high growth
demand, which could represent a new mining profesge demand) that could be
developed in the SING without advising the elediyicnarket operator (CDEC-SING);
this means that the system will not be ready tpaidaelf to a cheaper technology when
the new mining facility starts demanding electyicit

3.2.3.2 Base Cases
As mentioned before, there are two base casesfoorm®rmal demand and

the other for high demand. The base cases of thelaiion were essentially taken from
the actual behavior of the SING with data obtaifrech the CDEC-SING and from the
CNE. Usually CNE is very slanted to the wellbeirighe prices behavior in the SIC, but
in the SING, because there is not a very divexsieergy matrix and also because the
demand is mostly large industrial clients, therenta much difference between the
reality and what is published by CNE in the TechhReports every six months. Hence,
there are essentially three main aspects that ttabe considered to outline the base

case, these aspects are: fuel prices, generatpansion plan, demand forecast.

3.2.3.3 Fuel Prices

For determining the fuel prices, the value infornigdCDEC-SING in the
letter CDEC-SING A-0049/2007 was taken as refereradeo the historical data
published in the CDEC-SING website and the lastrexfce was the price projections
published in the document ‘Projected Costs of Gaimey Electricity’ done by the NEA
and IEA, 2006. All the prices are modulated depegdon the prices that each
generating plant is facing today.

To represent the SING reality about natural gasplsupnd prices, the

natural gas prices were pulled up to a realisticepThese prices have to show the real



64

expectative that exists for the prices of liquefiedtural gas on a close to 100%

argentine natural gas restriction.

3.2.3.4 Expansion Generation Plan
It is important to establish two different expamsiplans. One is the

expansion plan that is supposed to be more realg@towing real investment intentions
that will take place in the SING, and the secona isimulation with a coal adapted
expansion plan, which assumes additional investr@rachieve lower system prices

when adapting the system demand to a cheaper tegyno

With these two expansion plans is possible towintl energy projects on
two different marginal cost scenarios and thus ekmhfferent behaviors on the

profitability of the projects as will be seen iretresults analysis.
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3.3 Energy Generation Potential

To be able to introduce the wind generation inte #iectrical system
simulation model is essential to know the capaéditof the wind farm to generate
energy. Basically, this could be achieved by calttnd) the energy that can be generated
from obtained wind speed data and restricted byctieacteristics of a specific wind

turbine.

In this case, for a numerical evaluation, the tebiused is the Vestas V.82
1.65MW turbine, which has specific characteristingler certain conditions of wind and
air density. On this turbine’s datasheet is possibl find the power curve and power
coefficient for the turbine. Is important to notitet the power curve is calculated for an
air density of 1.225[kg/}, therefore is essential to extrapolate the paweve to an air
density of the site under analysis, which is 0.98fK], and being careful with

preserving the power coefficient curve.
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5 | 0.30 1
3 1050 g
5 900 i
7501 0.20
£ 600 - |
S 450 - 0.10
300 -
150’ 0.00 L O O B B R R B B
0 i T L e e e T
O 5 .9 ,9 O 9 O , O
O 0o o O O o O o o o o Q7 17 T A Q- SR DG RN
S N & © % O N < © © o TR QTS
Ll Ll Ll Ll Ll o

Wind Speed [m/s] Wind Speed [m/s]

Figure 3-14: Vestas V.82 Power Coefficient [Source:

Figure 3-13: Vestas V.82 power curve [Source: Vesta Vestas webpage]

webpage]

Note that the power coefficient of a turbine repres the efficiency of the
turbine under different wind speeds; this meanscdinee shows how efficient is the
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turbine converting wind power (f into electricity (R) as the following equation
shows.

(3.7)

o
I
< |oo

3.3.1 Power Curve Calculation

Hence, for calculating the power curve for thedsinsity of 0.95[kg/r] is
necessary to calculate the power of wind at thieitets hub. This can be achieved by
using the following equation.

P, =%><p><V3><A (3.8)

where,

P,, =Wind power at the turbine [W]
p = Air Density [k%g}
V =Wind Speed at tubine hub [’%}
A =Swept area of the rotor [mzj
Therefore, taking the power coefficient equatiomd &he wind power

equation is possible to obtain the power curveaforair density of 0.95[kg/fh The

obtained power curve is shown on Figure 3-15.

Power Output [kW

Wind Speed [m/s]

Figure 3-15: Power Curve @ 0.95[kg/rfj
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3.4 Wind Farm Firm Capacity

Considering the calculation methodology includethim appendices for firm
capacity is possible to calculate the firm capafotya wind farm located in the SING.
Therefore, to calculate the firm capacity for thedvfarm is important to assume that
the forced and unforced unavailability include @ie hours along the year that the
generation of the wind farm is zero not matterdhese of the non generation stage. To
calculate the generating hours of the farm, thedwdata from WP site was taken and
converted to generated power with the turbine’s grogurve, this because is the actual
potential of the turbine to generate power. Herle, unavailability ratio for a wind

farm of any of the three sizes is:

U= Lo = 1140:13 01% (3.9
Ty+T, | 8760
Then, for calculating the initial power, the geriena histogram was built
from the original WP site wind data. Consequerttig, calculated initial power is:

69.9MW , for 173.25MW wind farm
IP,. ,=4136.4MW  for 90.75MW wind farm (3.10)
232MW  ,for 57.75MW wind farm

Another assumption necessary to be able to caécthatfirm capacity is that
the farm does not have any own consumption. Monedviss assumed that the system’s
LOLP does not change whether or not the farm iow@aed into the LOLP of the
system, subsequently the ratio between the prabahiith and without the wind farm

equals one; therefore the preliminary firm capafotynula reduces to:

PF. =IP

wind ~— % wind X (1_ U) (311)

wind

where,
IP, = Initial Power of i’
U=Plant Unavailability Ratio
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Applying this formula results the following:

60.46MW |, for 173.25MW wind farm
PFP, ., =<3L6/MW  for 90.75MW wind farm (3.12)
201w ,for 57.75MW wind farm

After calculating the preliminary firm capacity iisdispensable to know the
sum of the other unit's PFP to be able to calcullagefirm capacity. Also, the system
maximum demand has to be considered. The PFP dllthiee SING power plants was
obtained from the “2007 Preliminary Firm Capacigport” published by CDEC-SING

on its webpage. Subsequently, the firm capacityfmh wind farm size is:

D
FI)I e PFPI X max

5 P,
j
17737
60.46x% = 584YW , for 173.25MW wind farm
| 183333 J J (3.13)
FP, ., =413L67% 17737\ 311¥4W , for 90.75MW wind farm
| 1804 54|
20.15x 17737 =199MW | for 57.75MW wind farm
11793 02

Using the real generation obtained from OSE200(uwiuis possible to
calculate the correction ratio due to transmissiod other system limitations. Including

these limitations through the correction ratio final firm capacity is:

5849x (1~ 0022)= 57 AW , for 173.25MW wind farm
FP,., ={3L113x(1- 0022)= 304MW , for 90.75MW wind farm  (3.14)
19.94x(1- 0022)= 195@W , for 57.75MW wind farm
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3.4.1 Firm Capacity Income

From the firm capacity values found in the resuitg3.14) is possible to
estimate the payment received from firm capacitgr this, the power node price
obtained from the simulation model is used. Babictde node price [US$/MWNh] is
multiplied by the amount of peak hours to be patich is 1284 for the SING case.
From this calculation a proper power node pric@bsained [US$/MW], therefore is
possible to multiply the obtained valued by the anmaf firm capacity corresponding to

the wind farm sizes under analysis.

Payment = FP,,,[MW]x NP,,.. [US %Wh} x1284 (3.15)
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3.5 Emission Displacement

The emission displacement is an important factoerwit comes to analyze
the feasibility of renewable energy installationcéese, depending on where in the
world the renewable energy project is installedl@édae eligible to become a CDM
project. The Clean Development Mechanism (CDM)nsaeangement under the Kyoto
Protocol allowing industrialized countries with egnhouse gas reduction commitment
(Annex 1 countries) to invest in projects that @@emissions in developing countries
as an alternative to more expensive emission remhgtin their own countries.
Therefore, any renewable energy project developéthile is eligible as a CDM project
and hence is capable of generating Certified EmisBieductions (CERs, equivalent to

one tonne of CO2 displacement), and thus perceoegtain income due to this.

For this matter, a method to calculate the emissisplacement was
developed to be able to calculate the emissionlatisment in the SING (Keith,
Biewald, Sommer, Henn, & Breceda, 2003; Keith, Bily & White, 2004). This
technique has two ways to be applied; one is asgumhat the displaced emission is
unique and the other is generalizing the first tayeconsidering the possibility of
displacing more the one technology.

3.5.1 Emission Displacement Calculation

To calculate the emission displaced by a certairewable technology is
necessary to know the generation scheme (mejitighe system where the renewable
energy plant is planned to be located. Basically generation data has to be taken and
with this generate a Load Duration Curve (LDC). STl done with the purpose of
defining the technology mix in the system’s reamded and also establishing the
demand levels where each technology starts andiengsneration. Figure 3-16 shows
the LDC for a generic electrical system with itshieology mix demand levels.
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On the LDC, any technology located above the mimmdemand is
considered to be a marginal technology. These tobies work as marginal
technologies at some stage of the year, or of greg of analysis, and are the first
technologies displaced by a potential renewableggngeneration. As shown on Figure
3-16, with the LDC is possible to define the demaadges where each technology
generates, for this case, this demand levels warerated starting from the cheapest to
the most expensive technology.

DIMW]

Diesel

Fuel Ol

Natural
Gas

Hydro

Tax Time
Figure 3-16: Load Duration Curve and Technology Mix

The previous load duration curve is a generic driee SING year load
duration curve, given the high industrial load cament, is different, as shown on
Figure 3-17. It is flatter, includes more technaésg and it is essentially thermal.

D[MW]

1775MW ) ]
Diesel Diesel + Fuel Oil Nr. 6
1761IMW  |——

1756MW Fuel OIl Nr. 6
1754MW

Coal + Petcoke
1387MW
DMin=1335MW |- === === = ———m e

870.1MW

Natural Gas

9.37MW

Hydro

0 14

8760 Hours-Year

Figure 3-17: Year Load Duration Curve and Technolog Mix at the SING, 2005
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By knowing the technologies included on a spedfistem, it is possible to
create a marginal emissions curve (Figure 3-18)chvis obtained from the demand
levels established on Figure 3-16. The marginalssion level has to be obtained per
technology depending on the characteristics ofptheer plants present in the electrical

system. The marginal emission per technology iaiobt as follows.

E,, =Cy XLHV XEF (3.16)

where,
_ . . tonCO
E,., =Marginal Emission { %VIWh}
C = Specific Consumption k*%
s p p MWh

LHV = Lower Heating Valuel:KC%g}

EF = Emission Factor [ton €0,

Kcal}

Coal

Diesel

Fuel Oil

Natural
Gas

Marginal Emissions
[kg/MWh]

Hydro

|
|
|
} >
0 dy dmin d; ds da Amax D[MW]

Figure 3-18: Marginal Emissions Curve

As mentioned before, there are two different casd®en it comes to

calculating the emission displacement. These twsesalepend on the sizes of the
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generating plant installed and the characteristicshe marginal technologies of the
electrical system under analysis. Hence, the tvge<sare:

e Displacement of a unique technologyhis case occurs when the
marginal technology has a large demand intervabiger and/or the

renewable energy technology penetration level igllsm

* Multi-technology displacementthis situation usually occurs when
the marginal technologies are too atomized andfoenmhere is a

large amount of renewable energy generation.

The displacement calculation technique of a unitpolnology (marginal
technology) will be explained first and then theshnique will be generalized into the

multi-technology approach.

3.5.1.1 Marginal Technology Displacement

As stated before, in the case the renewable erggggration is capable of
displacing only one technology, which is the maagitechnology at the moment of
analysis. To be able to calculate the amount ofssions displaced by a certain
renewable energy technology is indispensable tamett the level of displaced
emissions on a specific time of period of time. Bas, a marginal emissions curve
function of time is needed. To achieve this, thetay’'s demand curve is needed. Once
this curve is obtained, is necessary to take timeane levels shown on Figure 3-16 and

the marginal emissions on Figure 3-18.

Then, the demands levels obtained in the LDC amerposed on the
demand curve to be able to know which technologresused to generate on a given
time. With this the marginal emission for each amstis defined and then is possible to
know the value of the marginal emission for thepldised technology. Is important to
remember that the level of emissions of marginalissibn is obtained marginal

emission curve, which is function of the demanalev
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Figure 3-19: Marginal Emission as Function of Time

To obtain the emission displacement, a certainwab& generation level
has to be assumed if the calculation is done aignaonsider a measured generation if
is done after a period. A generic generation cusvehown by Figure 3-20; where the
variability could be owed to the type of technolpgdythe technology is wind energy for
example there will be a more intermittent generasoheme. The generation curve will
be defined as W(t).
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eration[ MWh]

/\/\/\ o

Gen

Trmax Time

Figure 3-20: Renewable Energy Generation

Considering the marginal emissions curve as functb time, Emg(t), is
possible to determine the emission displacemerdl Idone by the renewable energy
technology. Clearly, to apply this method is asstirtteat the renewable technology

generates without and scheduling or dispatchingrobn

Therefore, the displaced emission as functionroétis:
E(t)=W(t)xEmg(t) (3.17)

Then, the total emissions for a determined perididoe:

tp
E=[[W(t)xEmg(t)]de (3.18)
t
Nevertheless, is possible to calculate the avemmession value for a
specific period, this expression could be iderdifess the “Period’s Emissions Factor”.

This factor can be calculated as shown below:

.T[W XEmg )d
Emg =2 - (3.19)
J'W(t)dt

Is important to know that in real life data is rantinuous and a discrete
form of the formulas mentioned above have to bdieggo perform the calculation.

Hence, the discrete formulas to calculate the eamsglisplacement are:
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E[t]=W[t]xEmg][t] (3.20)

E:Z(W[i]xEmg[i]) (3.21)

_ Z(w[i]xEmg[i])
Emg=— (3.22)

W]

3.5.1.2 Multi-Technology Displacement
When there is a higher penetration of renewableggn@RE) is more likely

to displace more than one technology on one instiaistmeans that at a certain time the
generation of RE is higher than the amount of gasleramount of marginal technology.
When this happens is essential to generalize timigue explained before to be able to

account the displacement of more than one techgolog

To calculate Emg(t), first is necessary to know howany and which
technologies is the RE generator displacing. Taeaehthis, two different emission
technology displacement curves have to be defiord;is the curve obtained from the
first technologies displaced, which will be definasl HT(t) and the other is the curve

that represents the last technologies displacesictive will be defined as LT(t).

e HT(t) calculation:to obtain this function is necessary to perform th
same procedure as in the situation when only oonbntdogy is
displaced, this means that is required to do whahown on Figure
3-19. This means that HT(t) equals Emg(t) for tlesec of one
technology.

e LT(t) calculation: for this function additional calculations are
required. First is necessary to obtain what will dadled reduced
demand (R4(d)), this demand is obtained from the difference the
system’s demand D(t) and the RE generation W(tslaswvn on
equation (3.23).
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D, (t)=D(t)-wW/(¢) (3.23)

Graphically the reduced demand is shown on Figt2#.3

Mw

Figure 3-21: Reduced Demand
Then, after obtaining the reduced demand is passilobtain LT(t) using
the technique used for one technology but instéabimg it for D(t), it will be applied

for Dref(t). The resulting curve is shown on Figure 3-22.
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Figure 3-22: LT(t) Calculation
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After obtaining both curves, HT(t) and LT(t), isaessary to compare both
curves to see if more than one technology was atigpl. To achieve this, both curves
have to be superposed; the curves will be diffe@mttimes where more than one
technology is displaced and HT(t) will equal LT{) periods or instants where there

was only one technology displaced. Figure 3-23 shiosth curves superposed
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Coal Coal Coal Coal
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Figure 3-23: LT(t) and HT(t) superposed

To determine how many and which technologies asplaced the dispatch
merit list is needed, this means, the merit ligdus build the LDC on Figure 3-16. For

the generic system under analysis the merit liasi®llows:
1. Hydro
2. Natural Gas
3. Coal
4. Fuel Oil
5. Diesel

Considering the dispatch order specified aboveossiple to find out how
many technologies are displaced and identify eawhad them. Figure 3-23 shows the

different time intervals where both curves presamhe change. With this time intervals
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and using the list of dispatch order is possiblebtold a table that shows the
technologies displaced on each interval. Is goodetoember as a way to check the

table, that the first displacement is representetib(t) and the lower displacement by
LT(t).

Table 3-2: Displacement per Period

Period First Displacement Second Displacement Third Displacement Forth Displacement

Coal Natural Gas

col \
Coa Natural Gas
Es;rral Gas

Fuel Qil Coal Natural Gas

:Ei eV Fuel Ol Coal &\\\\\\\\\\\\\\\\\\\\\\\\\\\W

Therefore, in now possible to calculate the emissifunction E(t), which

will be able to represent all the displaced tecbg@s. Hence, the function E(t) is
defined as follows:

E(t)= [ D(e) =d; | xEmg;g

N ; ({[dk - dk—l:l X Em‘gk}‘izkzj jn ,if a technology is completely displaced
0 (3.24)

, if no technology is completely displaced

+|:dj -(p(r) —W(t)):| x Emg
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where,

D(t) =System's demand

w (t) = Renewable energy generation
Emg, =Technology x' marginal emission

d, = Maximum demand level of technology i’
n = Number of completely displaced technologies
j = Last displaced technology

To calculate the total emissions and the emissactof for a period of time

the following formulas have to be used:

E :TE(t)dt (3.25)

t

t
[E(t)de
Emg=— (3.26)

[w(c)dt

3.5.2 Methodology Applied to the SING with Wind Energy Inclusion

To apply the multi-technology emission displacemerdthodology in the
SING is necessary to calculate the marginal emissiger technology because this
information is not available in the electrical gyst Thus, applying equation (3.16) to
the each SING power plant and then obtaining a htedyaverage per technology the

results are:

Table 3-3: Marginal Emissions per Technology in th&SING

LHV
[Kcal/kg]
COAL 1.044373

COAL + PETCOKE 1.322334
DIESEL 0.707907
DIESEL + FUEL OIL 0.763725
FUEL OIL Nr.6 0.793653
NATURAL GAS 0.449508

FUEL TYPE SC [kg/kWh] EF [kg CO2/TJ] Marginal Emissions [ton CO2/MWHh]
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Figure 3-24: Marginal Emissions per technology intie SING

After obtaining the emissions per technology fag BING, three different

scenarios of emission displacement were analyZeesd three cases are:

» System before curtailmenEor this case the data used is historical
data obtained from CDEC-SING for years before dntnt.

» System with curtailmentn this case the data used was data from the
CDEC-SING for the last months (second semesterO6f7R were
curtailment reaches almost 100%.

e Coal adapted systentor a coal adapted system was assumed that
the natural gas situation only improves in a venals way and all
the remaining not covered demand is supplied by-foea plants

installed in the future.

Each situation is schematized with a chart thatvshine generation matrix
distribution for each technology.
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Figure 3-25: Technology Mix before Curtailment
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Figure 3-26: Technology Mix under Curtailment
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Figure 3-27: Technology Mix for Coal Adapted System

Coal + Petcoke
23.612%

i Diesel

™ Diesel + Fuel Oil
Fuel Oil Nr.6
Coal

M Coal + Petcoke
Natural Gas

i Hydro




83

Also, the emissions were calculated for three cbffie levels of wind energy
penetration. These penetration levels are:

* 57.75MW.
* 90.75MW.
 173.25MW.

Therefore, the emissions will be calculated foriffecent cases. For each
technology mix case without wind inclusion, the LD@as calculated, defining the
dispatch order, demand levels for every situatiod #he maximum and minimum
demand.

Table 3-4: Demand levels for each calculation ca§elW]

Fuel Type Before Curtailment Curtailment Coal Adapted

Diesel 1773.70 1738.30 1738.30

Diesel + Fuel Oil 1761.76 1263.24 1724.86

Fuel Oil Nr.6 1756.08 1258.30 1704.99

Coal 1753.55 1215.93 1682.04

Coal + Petcoke 1235.68 376.61 721.05

Natural Gas 870.09 32.87 310.60
Hydro 9.37 7.57 7.57

Table 3-5: Max and Min Demand [MW]

Before Curtailment Curtailment | Coal Adapted

Considering real wind data and estimating the geiter that each wind

farm will have in case of being installed in th&&l the W(t) is:
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Figure 3-28: Average Weekly Generation [MW]

With all this data gathered from the SING is polsstb apply the method to
obtain the marginal emission and total emissiondoyear and with that be able to
estimate the income that each plant size wouldiveda case of being installed in the
SING. Therefore, applying the emission displacemiahnique in the SING the
following results are obtained:

51,900.00
46,710.00
41,520.00
36,330.00
31,140.00
25,950.00

20,760.00

[ton CO2 / month]

15,570.00
10,380.00

5,190.00

d

173.25MW 90.75MW 57.75MW

O Coal Adapted System @ System with Curtailment B System before Curtailment ‘

Figure 3-29: Monthly Emission Displacement in the BNG
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50, 277 7Qton CO,/month| , 173 2%vind farm
Coal Adapted System =< 26, 335 94[t0n COz/month] , 97 Twind farm
16, 759 22§t0n COz/month] , 57 7wind farm

34,282 53ton CO,/month| , 173 25vind farm
System with Curtailment =417, 957 5:[.t0n COZ/month] , 97 75ind farm
11,427 5]ton CO,/month] , 57 75vind farm

49,300 59ton €O, /month] , 173 25vind farm
System before Curtailment =1 25, 769 ZSEton COZ/month] , 97 7ind farm
16,386 3§ton CO,/month| , 57 75vind farm
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3.6 Energy Purchase Contract

On many electricity markets there is the possipibf selling generated
energy under a bilateral energy purchase contsetally this contract reflects what the
generating plant expects to receive from its gdmrdraenergy. This value, in a
competitive market, is the calculated marginal @dshe generating plant. In the case of
a wind farm would be the cost of generating duetestment recovery and additional

incomes perceived by the generating plant. Theeetbe price established for a contract

would be:
contract = Cdevelopment —FP- CER (327)
where,
P ract = Price of Purchase Contract
Coieveiopmen: = Wind Development Cost
FP = Firm Power Payment
CER = Certified Emission Reduction Payment

On equation (3.27) the wind development costs sgmts the amount of
revenues per MWh that the wind farm should recdivebe economically feasible,
therefore this cost would be the contract pricease of not receiving firm capacity and

CERs payment.

3.6.1 Contract Price in the SING

To calculate the contract price that a wind prbpould establish in the
SING, was assumed that the annual amount of regemaeeived for Emission
Reduction Certificates is constant. Also, for tlee of the Firm Capacity revenues, the
highest value obtained from the system simulati@s wonsidered to be the value for
contract price calculation, putting the wind farmoject under the worst case scenario,
which means the lowest value that a wind projecttlie SING could offer.
Consequently, the value for the energy purchastaxrvaries depending on the size of
the wind farm and on which is the wind farm conrme@tnode. Also, for each simulated
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case there is a different power payment. Thereffethe simulation there in one
contract price for each simulated scenario. Whenwind installed capacity is bigger,
the additional payment (Firm power and CERS) igdarand therefore the contract is

lower.
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3.7 Investment Feasibility Analysis

Non-conventional renewable energy investments iB ®BING is an
absolutely new aspect for this interconnected sysed with the changes on the law
has become of a great interest of many companiesethodology for analyzing how
feasible the installation of a renewable energyqutos, specifically wind energy, will
be explained now (Botterud & Korpas, 2004; Dennylet 2006; Denny & O'Malley,
2006; Moreno, Mocarquer, & Rudnick, 2006). This lgsia will be separated into two
global aspects: the Economic Viability and the Raguy Incentives; this because the
economic viability could show that investing on dienergy is feasible although the law

could not be giving incentives to invest on thisdkof technologies.
3.7.1 Economic Viability

3.7.1.1 Initial Feasibility Analysis

The initial feasibility has to be done, before rumgna full evaluation, to
know if the project would survive. To do this arady is necessary to have an estimation
of the future system marginal costs, which in tbé&se is done through running a
simulation model of the SING. Moreover, is necegs& calculate the wind
development cost assuming that will be installethensystem under study.

With both data is possible to compare the behawfothe marginal costs
with the development cost. This comparison willyoghow if the prices in the system
are high enough to be able to install a wind faHere, additional revenues are not
considered, this means that the wind investmedemanding greater system marginal

costs than what the project really needs to survive

3.7.1.2 Economic Evaluation
Here a classical Net Present Value evaluation medanalyzing different
simulation cases to be able to know is the prajanttake place under the system prices

reality and establishing appropriate variablesetusgbilize.
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3.7.1.3 Marginal Income Analysis

To generate a clearer view of the economic vigboit a wind project, the
marginal income, which will be explained later,caempared with the system marginal
cost to observe the actual survivability of windjpcts in the SING. Basically the
marginal income has to be equal or above the systanginal cost to be economically

viable.
3.7.2 Regulatory Incentives

3.7.2.1 Law Incentives Analysis

Through the modifications of the electricity lakgtgovernment intends to
promote new investments on non-conventional renfavaiiergy (NCRE) technologies.
To see how effective the law will be, a decisioalgsis is done where the project NPV
iIs compared with the law penalty NPV and with thes able see if the decision is to
invest in the worst case scenarios. As will be ax@d, the investment decision is
positive when the project NPV is greater than #we penalty NPV, considering that the
law now obligates the generating companies to geaexn 5% of its generation with

NCRE technologies.

Also, the incentives will be analyzed from a lagyjent point of view, this to
observe real incentives that the law generateshigse clients to engage contracts with
generating companies that have or will install vemigle energy technologies, in

particular wing energy generators.
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4 SIMULATION RESULTS ANDANALYSIS

4.1 Initial Feasibility Analysis

4.1.1 Wind Project Development Cost

The development cost on any project comes withtgn@aortance to see the
level of prices the project has to face to havéhance of being profitable. On a first
look, the system price (marginal price) evoluti@n de compared to the development
cost each year to see if is worth to generateaddd! contract with a wind energy plant.
Clearly is much more reliable to study the realawedr of the project through a cash

flow analysis, which is done in this investigatas well.

To calculate the development cost of the projecteisessary to consider all
costs included on installing the wind farm in thd®\&ite. The life defined to calculate
the cost is 20 years and a WACC of 10%. Also, asrdy Chilean situation, the revenue
tax was included and considered to be 17%. Thidoise because of the tributary
benefits that come with paying the tax in relatwith the costs. Therefore, to calculate

the development cost the following formula was used

_A+(1-1P0)xC, —1®0xD

Cdevelopment - 1-17% (4-1)
where,
Coevetopmen:  =Development Cost [Us%/IWhJ
A =Investment Annuity [US$ MWh}
C, =Total Costs (including Variable and Fixed Costs) [Us%WhJ
D =Assets Depreciation [US%VIWhJ

All investment costs were obtained from Vestasdov.82 turbine. These

costs include needed items, construction costigihrreinstallation supervision labor and
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maintenance costs. In the case of fixed costs, wesg separated into to categories; one
Is the fixed operational costs, which representd%he investment annuity excluding
the construction costs; the second category aradhenistration and sales fixed costs,
which represent 1.5% of the investment annuity wiolg the construction costs. In
relation to the variable costs, standard wind ifigusosts were considered. Table 4-1
shows the development costs for the three wind fapes evaluated in this investigation
(EWEA, 2004, Vestas, 2007).

Table 4-1: Wind Farm Development Cost

Wind Farm [MW]

173.25 90.75 57.75

Life 20.00 20.00 20.00
WACC % 10% 10% 10%
Revenue Tax % 17% 17% 17%
Cap Cost USsS/MwW 2,349,714.30 2,382,998.72 2,422,940.03
Capacity Factor % 33.96% 33.96% 33.96%
Annuity uss/MwW 275,996.56 279,906.14 284,597.63
Generated Energy MWh-year 515,334.00 269,940.00 171,779.00
Depreciation USS$/year 117,485.71 119,149.94 121,147.00
USS/MWh 0.23 0.44 0.71

Fixed Costs USS/MWh 1.76 1.77 1.78
Variable Cost USS/MWh 10.00 10.00 10.00
Annuity USS/MWh 92.79 94.10 95.68
Wind Development Cost USS$S/MWh 123,51 125.05 126.91

When calculating the development cost is posgiblebserve that the cost
decreases as the size of the wind farm increaskis. dxpresses the existence of
Economies of Scale. In a further section of thestt is shown how economies of scale

related to marginal incomes change when the etattsiystem imposes its restrictions

such as transmission limit.
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Figure 4-1: Wind development cost

4.1.2 System Marginal Costs

To obtain the system marginal costs the model vaasfor 20 different
cases, these cases were specified in the modeligtest section. Each simulation
output gives the marginal cost evolution for theygars, which is the amount of years
the model was asked to simulate. The system margisain the SING is considered to

be the marginal cost on Crucero 220, which is #fierence node for the whole system.

4.1.2.1 Normal Demand Scenario

In the short term, the marginal costs behaved psa&d. They went up as
the system experienced natural gas curtailment fogentina. Then, the system started
adapting to coal through projects included from @0Also, the system is expected to
start receiving LNG, which translates into a lovpeice but not as low as generating
with coal, at least at the beginning, when the L&®Guld be a dearer than the price that
Chile used to have on RNG (Argentine Natural G@s)the last years of simulation the
price tends to stabilize on a value; this happetsiise from the Y0year the fuel prices
were assumed to be constant as is impossible t® &dnetter prediction for fuel prices

on more than 10 years.

For the three connection nodes the behavior ofrtiginal costs is the same
and as expected. On the other hand the valuesoatlat different either. Between the

values there is only a variation of less than a. ddllar. Therefore, the prices behavior
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will now be shown considering only one connectiaue (Calama 110). All values are
included in the appendix section.

160.00
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Figure 4-2: System Marginal Cost - Calama 110 Conméion, Normal Demand, Coal Adapted

Figure 4-2 shows the costs values and behaviorthifee different size wind
farm connected to Calama 110 with an expansion fhlahadapts the system to coal-
fired plants. The large variation of the value dgrithe first years are owed to the
curtailment existing in the SING until the coalefir power plants start working, which
starts happening from 2011. It is also possibleobserve that with higher wind
penetration the system marginal costs tent to gendthis effect will be analyzed on a
further section. For a system adapted to coal,sistem marginal costs (prices) are
expected to be lower because the price dominatiegrarket will be the coal marginal
cost.

In this case the system adapts itself to coal-fpkeohts, which is a cheaper
technology, from 2010 starts stabilizing the pricea price close to coal marginal cost.
This scenario is less favorable to install moreemgive technologies, such as wind
energy.

4.1.2.2 High Demand Scenario
In the case where the demand grows rapidly, withloeitsystem being able

to adapt to cheaper technologies, the marginalscgstup. As it was expected, the
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marginal costs went up on the first couple of yeatsere the Argentine Gas curtailment
and demand growth were the main responsibles. As ea Figure 4-3, after the first
marginal cost peak, there is a cost reduction;ithswed to the incorporation of coal-
fired generators during that period. Followingtiattperiod the cost goes up because the
cheap generators (coal-fired) are not capable epikg the prices down and the system
does not have enough time to adapt its self toemmér technology, which is coal for

this case.
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8 14000 |/ —case11
% 130.00 \ ——Casel4
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Figure 4-3: System Marginal Cost - Calama 110 Conméion, High Demand, Coal Adapted

Figure 4-3 also shows a slight marginal cost radacaround 2016, this is
because of the inclusion of the last stages ofad-fo@d generating plant, which is not
large enough to pull the system marginal costs lbwkn and because the demand
keeps growing at a vegetative state. The cost baels up reaching US$110 per MWh.
Clearly these costs are not good for the consunbeitsgood for the generators side as

they perceive higher revenues.

In this case the system is capable of pulling theep down after 2010, this
due to the amount of investment in coal-fired @afithe system does not adapt totally
to coal and thus the price does not stay as lowhasild be. Figure 4-4 shows the
difference between the Normal and High Demand stenéor the base case without

wind energy inclusion and with a system adaptetb#d-fired plants.
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Figure 4-4: Normal and High Demand Base Case Compizon, Coal Adapted

4.1.2.3 SING Marginal Price Variation
From the results obtained from the electrical systeodel simulation (Kas

Ingenieria, 2005), is possible to compare theseegato be able to obtain the variation
of the system marginal prices caused by the wiradggninclusion. The values taken as
reference are two sets of values; one set is theesdrom a simulation without any
wind inclusion and considering a normal demand g¢inomhich is considered to be more
probable to happen in the future if a big miningilfey does not appear suddenly; the
other set of values are the ones obtained fronsithalation of a case without wind but
with a system facing a huge increase on its dentanded by an incorporation of a
mining project, which would have a similar consuimmptscheme to the mining facilities

already installed.

On the model, there were three connection nodesidered as potential
substations for the wind farm connection. Due &tey characteristics, the variations of
the system marginal prices for a same size wingh feary from node to node but not
considerably. Moreover, the behavior of the vasiadi throughout the years is the same.
To analyze the results, only the Calama 110 cororeabde will be shown.
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Figure 4-5: CMg Reduction on Calama 110 — Normal Dmand — Adapted System

Figure 4-5 shows the reduction of the marginal eonizoduced by three
different wind farm sizes in the SING. These vanias decrease on the last years of the
simulation because wind energy does not displageterhnology and most generation
is done through coal-fired plants. By analyzing thieves is possible to say that when
the wind penetration is higher the reduction of tharginal cost is higher. The cost
reduction is caused only because of an inclusiora atheaper technology and the
assumption of a system that does not suffer ingtabosts due to the intermittency of
the wind source; this can be assumed due to theumtmaf wind included in the
simulations. For even higher wind penetration tleeneld be a cost increase instead of a

cost reduction, as has been observed in somegddhs world (MMA, 2003).

As mentioned before, other systems in the worldehamcountered an
increase of the prices when facing high levels midwpenetration. This level can not be
determined, because depends on the charactensgesh system and how expensive is

to keep higher amounts of spinning reserve.

4.1.2.4 Marginal Costs Reduction Discussion

Observing the variations suffered by the systenmeyear is possible to see
that the marginal cost reductions depend on theessprices (marginal costs), which
depends on the marginal generating technology fif$teyears the system prices tend to

be high because of curtailment situations; the esysis forced to generate with
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expensive technologies and facing big variationt®price. When coal-fired plants start
generating, they pull the prices down and this eader the wind energy generators to

have less effect on the system prices.

High prices in the system are caused by generatawiricity with expensive
technologies. When this happens, wind energy gaoeraontributes to lower these
prices by displacing expensive generation in soar®@s. On the SING, high prices are
caused by generating with diesel and lower pricescaused by generating with coal-

fired plants or cheaper technologies.

On the last years of the simulation, the systemepstabilizes on prices close
to coal marginal prices because of a system adapt&ecause the system is adapted to
coal, wind generation is not big enough to pultesi down and hence the reduction of

the system marginal cost is close to zero.

4.1.3 System Marginal Cost vs. Wind Development Cost

As a preliminary investment feasibility analysispisssible to compare the
system marginal cost and the wind development ddss. comparison will only show if
the prices in the system are high enough to be @blmstall a wind farm. Here,
additional revenues are not considered, this mdhas the wind investment is
demanding greater system marginal costs than \kleapioject really needs to survive.
Also, here the marginal cost used were obtaine fro

The SING was simulated, as mentioned before, ftferéint amounts of
wind penetration, two different demand scenariosrihal and High), and two different
expansion plans. For the case of high demand anehdapted system, prices are very
high, as seen on previous sections. Due to thale& that a wind project would survive
under these kinds of prices. In the cases whereybiem is adapted to coal-fired plants
the prices are very low and a wind project would Ipe economically viable, at least

from this first look.
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Figure 4-6: System Marginal Cost vs. Development Gb Comparison — Not Adapted

Figure 4-6 shows the system price evolution vswhwls development cost
for a 57.75MW wind farm connected to Calama 11Ghe SING. As is possible to
observe, the system marginal costs for the highateinscenario is much greater than
the development cost most of the time, this repitsselear incentives to invest in case
of a scenario where the system is facing a highaehand does not have time to adapt

to a cheaper technology.

For the case of normal demand there is an oppsetgitation, the system
marginal cost tends to go under the developmerntroost of the time. Figure 4-7 shows
the difference between the wind development codttha system marginal costs. From
2011 the system costs go below the developmentwbgth could mean that if the wind
farm sells its energy at system marginal cost iuddosimply not be economically
feasible.
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Figure 4-7: Normal Demand System Prices vs. Develomnt Cost
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Table 4-2 shows the difference between the systemgimal cost and the
wind development cost for wind farms connected &a@a 110. The actual difference
shown in the table is the net present value of yewhbfference. Is clear that, for
investment under a normal demand, is necessaryi@uli revenues other than the

payment received by selling the energy to the systethe system marginal price.

Table 4-2: Difference between System Marginal Cosind Development Cost

-$ 9.20 |-$ 9.20 |-$ 9.99 |-$ 9.99 |-$ 11.62 |-$ 11.62
S 10.61 | S 10.61 | $ 11.27 | $ 11.27 | $ 8.411]s 8.41
S 17.00 | S 30.77 | $ 16.30 | $ 3039 ]S 14.84 | $ 26.37
-$ 6.24 | S 41.53 [|-$ 6.72 | $ 40.11 |-$ 8.69|S 32.03
-$ 40.40 |-$ 11.38 |-$ 38.81 |-$ 11.63 |-$ 39.49 |-$ 12.01
-$ 3095 |$ 53.95 |-$ 2990 | $ 52.12 |-$ 32.78 | $ 41.57
-$ 33.26 | $ 121.81[-$ 32.08| $ 118.55|-$ 31.13 | $ 101.65
-$ 3038 | $ 157.53 |-$ 2870 | $ 154.57 |-S 2796 | S 148.16
-$ 32.14| $ 154.54 |-S 30.82 | $ 149.71|-$ 30.47 | S 141.36
-$ 30.26 | $ 175.60 [-$ 29.09 | $ 175.45|-S 28.07 | $ 175.06
-$ 2883 | $ 179.79 |-$ 27.28 | $ 181.06 |-S 26.20 | S 180.02
-$ 2883 | $ 179.79 |-$ 27.28 | $ 181.06 |-$ 26.20 | S 180.02
-$ 2883 | $ 179.79 |-$ 27.28 | $ 181.06 |-S 26.20 | S 180.02
-$ 2883 | $ 179.79 |-$ 27.28 | $ 181.06 |-$ 26.20 | S 180.02
-$ 28.83|$ 179.79 |-S 27.28 | $ 181.06 |-S 26.20 | S 180.02
-$132.31 $607.28 -$127.08 $601.36 -$132.48 $565.92

Among the possibilities to make a wind project ewaically viable under
normal demand there is the arrangement of a balatentract, which would assure the
income of the wind farm. The setting of a price #orcontract is detailed on further
sections. Is important to remember that the enezggnues perceived by the wing farm
on a real system operation is not the direct prodatween the node marginal price and
the generated energy; this because the wind fasmsalls energy on other nodes which
have different prices and this translates intoetiéhces between the direct product and

the actual energy revenue.

To have a preliminary idea of the amount of addaiorevenues that the
wind farm would have to face to become economicabiyple when selling its energy at
marginal price the income will be calculated asdhiect product between the generated

energy and the marginal cost, remembering thanlis & preliminary calculation and is
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not the way it is done in the SING. Table 4-3 shows present value of the revenues
needed by the wind farm to become economicallylgiabing 10% of discount rate.

Table 4-3: Additional Revenues Needed (Preliminary)

Normal Demand
90.75
REELUES
Needed [USS]

-$ 22,728,718.07 |-$ 34,305,001.07 [-$ 68,271,107.90

For the case of an adapted system the system mahrgosts are, as
mentioned before, very low for the normal demarehadio. Therefore the development
cost goes above the price evolution most of the tamd the situation is worst than what
was seen in the case with normal demand and ngotextiaystem (Figure 4-8).
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Figure 4-8: Normal Demand System Prices vs. Develo@nt Cost — Adapted System
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4.2 Economic Evaluation

As specified earlier there were 18 cases modelasl dlbase cases (Normal

and High demand). For each one of the 18 casegewtad energy was included into

the electrical system, a NPV was obtained. Alse résults were sensibilized through:

The possibility of not receiving firm capacity pasnt.

Two different prices for the emitted CER®egistered and
Unregistered CDM project). In the primary marketzR% prices
from registered projects are valued between US$18.2,
depending on payment terms, while CERs from untexgid projects
are quoted between US$11.2-16.2 (Point Carbon,)2007

Three different discount rat€$0%, 11%, 12%).

Possibility of an energy purchase contratite calculation of the

contract price assumed was explained on a pregectson.

All these cases were evaluated due to the posgibflihappening depending

on the project development and the regulatory tygalthich does not state clearly for

example how a wind farm should be paid for its feapacity. The assumptions made to

economically evaluate the installation of the wiadn are:

Evaluation period20 years

Turbine ModelVestas V.82 1.65MW

Capacity Factor:given by the wind availability
Firm Capacity:Calculated on a previous section

CERs price:US$11.2 for unregistered and US$16.2 for registere
project

Emission Displacement:Calculated with developed technique

explained earlier
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« Wind Farm Cost: Obtained from Vestas South America
(US$2500/kWh installed)

» Fixed Operational Costs (US$/yead% of annualized equipment

and machinery investment.

e Administration and Sales Costs (US$/yeat)5% of annualized

equipment and machinery investment.
» Linear Depreciation in 20 years

* Maintenance, Service and Supervision CoSflenstant for every

wind farm size.
* Wind Availability: Same wind availability for every year.

The results for each case will be presented thraagirts showing every
case on normal demand scheme for each sensibiliagdble with a non-adapted
system; this means that there are 8 scenarios ichvihe NPV for each case on normal
demand is presented. In this analysis only 5 seenaill be analyzed and they are as

follows:

Table 4-4: Analyzed Scenarios

NO NO NO
YES NO NO
NO NO YES
YES NO YES
YES/NO YES YES/NO

The high demand cases were excluded because ashiays positive NPV
under any sensibilized variable; this occurs beedlis prices on a high demand scheme
are too high, and thus the energy revenues becowessvely high and any other
revenue perceived is not large enough to actuéfibgiathe NPV of the project. For each

graph the cases are as follows:
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Case1 :0'Higgins220
57.75MW Case2 :Calama 110
Case 3 :Crucero 220
Case4 :0'Higgins 220
Normal Demand Cases =< 90.75M W Case5 :Calama 110
Case 6 :Crucero 220
Case 7 :0'Higgins 220
1732MW Case8 :Calama 110
Case 9 :Crucero 220

Furthermore, an additional scenario will be analyzensidering the case
where a coal adapted system expansion plan is aiedul For this case, only the best
case scenario will be shown.

4.2.1.1 1% Scenario: No Firm Capacity Payment, No Energy Puiitase Contract
and Unregistered CDM Project

This is the worst case scenario that the wind feorid face. In this scenario
there is not additional revenues perceived fromm ftlapacity payment and the revenues
perceived by the emission displacement is with &R prices.

$30,000,000
10, 0, 0,
$25,000,000 10% M 11% & 12%

$20,000,000
$15,000,000

$10,000,000

5,000,000

soooo | ] L ~ - o
-$5,000,000 i | i n - .
-$10,000,000 I

NPV

-$15,000,000
-$20,000,000
-$25,000,000
-$30,000,000
-$35,000,000
-$40,000,000
-$45,000,000

1 2 3 4 5 6 7 8 9

57.75 90.75 173.25
Figure 4-9: NPV for 1* Scenario
On Figure 4-9 is possible to observe that for autation case with 10% of

discount rate, the most profitable situation istali;mg a 173.25MW wind farm
connected to O’Higgins 220 and the second is with $ame wind farm size but
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connecting it to Calama 110. In this scenario ispussible to request high returns from
the project. In case of requesting 12% of retulnh& possibilities become unprofitable

and this would lead to deciding not to invest.

Figure 4-10 shows the internal rate of return (IR&)each evaluated case.
Is possible to see that the IRR is very low andsdu# allow having a return higher than
11%, which is represented by the negative NPV auiéi 4-9 for the case of 12%

discount rate.

11.5%
10% & 11% & 12%

11.0%

Sliadilli

8.5%
57.75 90.75 173.25

Figure 4-10: Internal Rate of Return for 1 Scenario

4.2.1.2 2" Scenario: Firm Capacity Payment, No Energy Purchas Contract and
Unregistered CDM Project
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NPV
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Figure 4-11: NPV for 2" Scenario
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Figure 4-11 shows that the situation improves a@hatron to the first
scenario. The project becomes more profitable amibssible to demand a greater return
in most cases. The connection on O’Higgins 22Bésléss profitable for 57.75MW and
90.75MW wind farms. Once again the most profitaileestment is the 173.25MW

wind farm connected to O’Higgins 220.

13.0%

10% & 11% & 12%
12.5%

AT

IRR

10.5%

57.75 90.75 173.25
Figure 4-12: Internal Rate of Return for 2" Scenario

The IRR improves considerably in relation to tfiestenario, in this case is
possible to request a higher return from the ptadjeaenost of the cases as mentioned

before.

4.2.1.3 3 Scenario: No Firm Capacity Payment, No Energy Puitase Contract,
Registered CDM Project

In this case the project perceives higher incomes fselling CERs; this

happens because the on CERs market the pricesgigtared projects are set higher.
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Figure 4-13: NPV for 3¢ Scenario



106

Figure 4-13 shows that for a registered CDM projdoe project becomes
more profitable than the first scenario but stidleds the firm capacity payment to be
able to demand a higher return. In this scenasowall as the first one, the project

shows negative NPV for a discount rate of 12%.

12.0%
10% & 11% & 12%

il

IRR

9.5%

57.75 90.75 173.25

Figure 4-14: Internal Rate of Return for 3¢ Scenario

4.2.1.4 4" Scenario: Firm Capacity Payment, No Energy Purchas Contract,
Registered CDM Project

This scenario is the best case scenario. In thehas®o all additional

revenues are considered and due to the system firécproject has very good returns.
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Figure 4-15: NPV for 4" Scenario

Figure 4-15 shows, how the project becomes marfit@ble with additional

revenues, in this case is possible to demand higtems from the project no matter the
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sizes or the connection node of the wind farm; thisans that the project, for all
discount rates, has positive NPV.

14.0%
10% W 11% & 12%
13.5%

13.0%
12.5%
12.0%
11.5%
11.0% —
1 2 3 4 5 6 7 8 9

57.75 90.75 173.25

IRR

Figure 4-16: Internal Rate of Return for 4" Scenario

Figure 4-16 shows the profitability of the projethe graph shows that all
the IRR are greater than 12%, which reaffirms ti®/Nlata shown before, where for
every discount rate it was positive. In this scenafor some cases, is possible to

demand returns above 12% and the project woulchsile positive NPV.

4.2.1.5 5" Scenario: Energy Purchase Contract

This scenario puts together the last four possibtenbinations of
sensibilized variables. It is done because theatian in the NPV between the last four
combinations is not very high. This happens givet the purchase contract price varies
depending on the costs and the revenues perceasegkplained earlier, therefore when
there are additional revenues the contract pricgeidower than when the farm is not

facing any other income apart from the energy raeen

Furthermore, there is a special situation on thenario, when there is no
firm capacity revenue the wind farm has to estlbéshigher price for the generated
energy, which at the end of the evaluation, traaslanto higher net present value for the

project and thus higher internal rates of return.

Another characteristic of the energy purchase eghtis that no matter the
connection node, the wind farm always gets the s&wenues for the generated energy,
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because the contract price is a function of theéscasd incomes, and does not consider
the system behavior, like node decoupling. Consatyyelue to the similarity of the last
situations, only one situation will be shown to egs the behavior of the energy
contract consideration.

$30,000,000

10% M 11% M 12%
$25,000,000
$20,000,000
§ $15,000,000
$10,000,000
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1 2 3 4 5 6 7 8 9
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57.75 90.75 173.25

Figure 4-17: NPV for Energy Purchase Contract — Nd-irm Capacity and Unregistered CDM

In Figure 4-17 is possible to see how invarianthe NPV is among the
same wind farm size, as explained before. Figut® 4hows that the IRR barely varies
in function of the wind farm sizes, which happen® do the same reason mentioned
above, the wind farm gets paid in function of ibstcand additional revenues regardless
of the system characteristics, therefore the warthfsize does not affect the connection

node and neither the energy revenues received.

13.0%
10%| & 11% =|12%

12.5%
12.0% [ — [ . 1 ] ] ] ]
11.5%
11.0%
10.5%
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10.0%
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Figure 4-18: IRR for Energy Purchase Contract — Nd=irm Capacity and Unregistered CDM
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4.2.1.6 Scenario under a Coal Adapted System

For a coal adapted system the system price islearyand all the possible
simulation cases result on negative NPV, due & thie only case analyzed here will be
the best case scenario, which puts the wind prajader firm capacity payment and
assumes that the project is registered as a CDlqgtrander the Kyoto Protocol. On

this scenario the NPV is also negative but notegtive as the other cases.
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Figure 4-19: Coal Adapted System Situation

Clearly, from the negative NPV shown on Figure%4-the IRR is expected
to be smaller than 10%. Figure 4-20 shows the galfulRR obtained for each case, the
values, as expected, are smaller than 10% and hélmeeNPV is negative for al

simulated cases.
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Figure 4-20: IRR on a Coal Adapted System
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4.3 Marginal Income Analysis

Considering the cash flows obtained in the simatatof the wind farm
inclusion is possible to calculate the Marginal dmes, which, in this case, are
calculated by dividing the annual cash flow (US$yeby the amount of energy
generated on that year (MWh-year); from that, therdihal Income is represented by
US$/MWh per year. With these values is possibleoldtain the Net Present Value,
which will represent the NPV per generated MWhs tierm is named here as Marginal

NPV. The following equation shows how to obtain ktarginal NPV mathematically.

NV
w3 LB 4.2)

E = (1+ r)
where,
NPV, . na = Marginal Net Present Value
E, = Energy Generated on Year i’
E = Average Energy
n = Years of Evaluation

Using equation (4.2) is possible to calculate k@rginal NPV for each
simulated case. From the results obtained fromethmtion was possible to observe the

same behavior for all cases except in one. Thegsdelaviors will now be analyzed.

4.3.1 Marginal NPV Behavior

4.3.1.1 Decremental Marginal NPV

The results show the presence of a decrementalimahfgPV. This means
that when the wind farm installed is bigger has lewome per generated MWh. The
main reason for this to happen is, basically, tleetecal system characteristics. There
are two main situations that could happen: on oaedh there is the energy flow
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direction (Figure 4-21) to the connection node, ihe assumed that the load is in the
connection node and receives energy from the sadiog nodes, when the wind
generation increases the load gets satisfied, loigheer amount, by the wind farm and
thus reduces the flow of energy from the other sodkis translates into lower and

lower prices approaching the wind generation cwdtich is zero, therefore lower

income for the wind farm at higher generations.

LOAD Wind Farm

Figure 4-21: Load Direction Situation

On the other hand is the amount of generated engrgpme cases the wind

farm can not inject all the possible generable gynarto the system and this causes the
generator to perceive less income.
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Figure 4-22: Decremental Marginal NPV Situation wihout Contract
When the wind farm signs a contract with a custonestablishing a

determined price for the generated energy; onehefrisks is no being predict the

behavior of the system prices and this could tedasinto a reduction of the project
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profits. On the simulation, due to the system peelution, happened the contrary; this
means the installation of a wind farm becomes npoodéitable with the existence of an
energy purchase contract. Is important to know thatcontract price simulated is the
lowest price at which the wind farm could sell électricity due to investment payback

and annual additional incomes (Firm Capacity anRR§E

On Figure 4-22 and Figure 4-23 is possible to keedecremental trend of
the marginal NPV for the case of a farm conneabe@dlama 110 in the SING. On each
graph there are three lines showing the differestalints rates considered in the
simulation. Figure 4-23 shows higher marginal NRNS is due to the contract price,
which generates higher incomes than the margine¢giobtained in the simulation. The
positive aspect of signing a contract is that isimeasier to expect a higher return from
the project because assures certain price in teeggrgenerated and this avoids the
variability of the system price, which sometimesildobenefit but others damage the
profitability of the project. On the simulation thesults show that the marginal NPV is
higher in the case with a purchase contract. Algb & contract there is less variability

between the different discount rates.
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Figure 4-23: Decremental Marginal NPV Situation wih Contract
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4.3.1.2 Decoupled Connection Node

The situation where the connection node gets déedupappens when the
line is at its capacity limit; in this situation &ssumed that the wind farm is supplying
energy to loads located away from the connectiateras well as possible local loads,
this means that the electricity flow goes away fithie wind energy generation, so when
there is a large wind farm, its generation eashds to start filling the surrounding line
capacities, this translates into lower price eviame the generation increases because
the node tends to assume the wind generation loosthe problem appears when the
system gets decoupled.

When this happens, the generator sells energy at than one price. On
one hand there is the price that stays in the adrmmenode which is a low price as seen
in the Decremental Marginal NPV situation and oa dther hand is the price of the
decoupled nodes, where energy is sold at higheepand the wind farm sells part of its
energy on these nodes (all the injected energy®elecoupling).
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Figure 4-24: Decoupled System Situation

Figure 4-24 shows the situation for the simulatram in the SING. Is
possible to see that up to about 75SMW of wind capathe connection node does not
decouples, from that point the surrounding lines decoupling and the wind generator

starts perceiving higher incomes per MWh.



114

4.3.2 System Marginal Price vs. Annual Marginal Income

Considering the annual marginal incomes calcul&edbtain the marginal
NPV is possible to analyze these values by comgahem with the system marginal
costs obtained in the simulation of the electregdtem. Through this, an investment
incentive or disincentive is shown by taking intocaunt that the annual marginal
incomes should be higher than the system margiost ender a situation where the
additional revenues and the cost make the wind farofitable; in a case where the
annual marginal incomes are lower than the margimale the project will show a
negative NPV and this symbolizes a unprofitablggmioand does not encourages the

investment on wind technology in the SING.

Therefore, this comparison is useful to get a pralary view about
effective additional incomes that encourage theestment on a renewable energy
project. In the case of the wind farm considerethan system simulation, there are two
additional revenues perceived by the generatingtptme is the firm capacity revenue

and the other is the revenue perceived due to GBRs.

4.3.2.1 Firm Capacity Payment

To distinguish how feasible the installation of amevfarm in the SING is,
two situations will be presented. In one hand therhe situation of assuming that the
wind farm will receive firm capacity payment and the other hand considering the
situation where the wind farm do not qualify to fd for firm capacity. With this is
also possible to see how much the firm capacitytrimrtes into the feasibility of the

project.
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57.75MW Wind Farm - Normal Demand
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Figure 4-25: Marginal Price vs. Marginal Income (Cdama 110) with Firm Capacity Payment

Figure 4-25 shows that the marginal income is equagreater than the
system marginal price most of the time, therefovaral project with similar behavior to
the one simulated should be economically feasibte. the simulation shown by the
figure was considered a low CER price assuming tthetwind farm is an unregistered
CDM project. In case of registering the project @R prices are higher and the farm

shows higher probability of being profitable.

57.75MW Wind Farm - Normal Demand
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Figure 4-26: Marginal Price vs. Marginal Income (Cdama 110) without Firm Capacity Payment

Figure 4-26 shows the opposite situation than vamafigure 4-25, in this
case the marginal income goes below the systeminargpst, from this is possible to
intuit that the wind farm under this situation wilbt be able to financially survive. The

inexistence of firm capacity payment, in general day renewable project, causes the
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reduction of annual incomes which can be a decithetpr when it comes to invest on

renewable energy capacity.

4.3.2.2 CDM Registered Project

Depending on the characteristics of each projeetfirm capacity payment
might not be necessary. This happens when the ieqmoduced by the generation of
CERs helps to avoid the losses caused by the faitkrocapacity payment. To achieve
higher earnings is necessary to consider the wanad r renewable energy project as a
registered CDM project. On the CERs market, theeeta sets of prices, one is the
prices set for the unregistered projects, whichraveh lower that the set of prices at
which the CERs for registered projects are tradiedhe primary market, CERs prices
from registered projects are valued between US$WI6&R19.7, depending on payment
terms, while CERs from unregistered projects aretepi between US$11.2-US$16.2
(Point Carbon, 2007). Therefore, if the renewalslergy project is considered to be
CDM registered project is considered to sell itdRSEat US$16.2.

57.75MW Wind Farm - Normal Demand
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Figure 4-27: Simulation with Registered Project andvithout Firm Capacity payment

Figure 4-27 shows how the marginal income tendsd¢eease as the CERs
price go up. In the simulation was possible to thet with this CER price the NPV is
positive and makes the wind farm profitable, prdpaot as much as with firm capacity

payment but still an important contribution.
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4.4 Law Incentives Analysis

On the second semester of 2007 the Chilean governimes approved
modifications to the electricity law regarding thetter handling of non-conventional
renewable energy (NCRE) inclusion into the two démtgnterconnected systems in Chile
(SIC and SING). The main objective of these modifmns, as stated by the
government, is to create the right environmentsntaterialize non-conventional
renewable energy projects and hence, be able tergentrust among the market
participants in relation to the development of eheechnologies in the long term.

The law modifications instate that the 5% of thgedted energy by
generating companies has to be accomplished byN@RE technologies, this energy
could be used by retailers or free clients. Thesfthe electricity companies should
annually certify that the 5% of the total commelized energy has been injected by

NCRE sources. These sources could be owned by tioaspanies or bought to a third
party.
In Chile, technologies considered to be non-conuaat are:

» Small Hydro plants (less than 20MW)

* Biomass and Biogas

* Geothermal

» Solar Energy

* Wind Power

 Wave Energy

To help accomplish the amount of NCRE generatiba, government has
established a penalty, which is 0.4 UTM per eactupplied MWh of NCRE generation
(LUTM=US$68).
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4.4.1 Incentives to Generating Companies

Basically, the main problem of the modificationghe electricity law is that
generating electricity using NCRE in the worst casenario (negative NPV for the
project) could be less profitable than paying teegity the law establishes. This could
make the companies to keep investing on cheapéndémgies and pay the penalty
every year. From the system simulations the wase scenarios will be obtained and
then will be compared with the amount of moneydbmpany should pay in case of not

generating with NCRE, which in this case is winavpo

-$30,222,466.84
-$48,858,174.40
-$103,990,560.90

-$36,323,399.37| -$25,505,117.71| -$15,771,818.89
MmNy -$26,844,458.23
-$31,056,802.31| -$20,863,486.65

-$58,544,053.24|  -$41,633,937.99| -$26,421,655.62
Ay -s42,367,707.81
-$49,925,361.37| -$33,995,143.26

-$107,665,889.56| -$74,807,132.95
-$104,356,062.36| -$73,386,736.54

-$93,669,958.18| -$63,542,242.80

-$32,003,525.16 -$21,867,196.02
-$32,939,835.36
-$26,958,863.78
-$51,853,362.16 -$36,007,272.53
-$51,953,324.73
-$43,580,760.18
-$93,145,882.37
-$91,725,485.97
-$81,880,992.23

Figure 4-28: Difference between NPV and Law Penalty Non-Adapted System
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Therefore, to see if the penalty applied is effextithe condition shown on
equation (4.3) has to be true, taking into acceliat the values considered as wind farm
NPV are negative.

|NPVwind 2 ‘NPVpenaILy (p)‘ (43)
where,
NPV, . . = Net Present Value of the Wind Project
NPV, pnaty (p) = Net Present Value of the penalty (function of p)
p = penalty [US$]

From equation (4.3) is possible to calculptéor which the investment is
less profitable than paying the penalty for the sg®riod that the project is supposed to
work for.

Figure 4-28 shows the difference between the negdiPV obtained from
the system simulation with a non-adapted expangian, and the law penalty assuming
that the wind farm does not get installed. Is gussto see that all the values in the
figure are negative, which indicates that a penalfy 0.4UTM (US$27.2 @
1UTM=US$68) is giving incentives to introduce wiedergy in the SING.

When the wind farm does not receive firm capaciayment and is not
registered as a CDM project there is a case wreaehes the critical point first; this
case is 57.75MW connected to O’Higgins 220 (12%alist rate). For this case the
penalty price, where is better to assume the co#lieopenalty, is US$14.91, which is
much lower than the penalty established by law.

Although, the law is not as radical as it shouldoleeause it does not create
enough incentives to invest on wind energy andrdifyethe energy matrix, is possible
to state that according to the simulation with an-adapted system, the law gives
investment incentives in the SING through its pgnalhen facing prices with a non-
adapted system. Nevertheless, is important to paitthat is possible that for smaller

projects of large generation companies, the pepalyynent would become suitable.
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When analyzing the simulation where the systeno& adapted, the reality
is different. Prices are very low and this makesrg\project under normal demand and
some under high demand unprofitable. The law agbiiity depends on the magnitude
of the negative NPV as shown on equation (4.3).tRercase of wind energy in the
SING the NPV are extremely negative under normahalel scenario; this causes the
penalty to be preferred over developing the project

Table 4-5: Difference between NPV and Law Penalty €Eoal Adapted System
(No Firm Capacity, Unregistered Project)

$4,840,972.90
-$2,618,904.78
$1,826,740.25
$6,029,712.49
-$4,793,332.44
$777,068.16
$12,242,589.85
-$4,308,304.38
$1,750,421.20

$11,770,922.31
$4,785,976.00
$8,985,753.52
$16,859,097.32
$6,743,808.60
$12,006,617.16
$32,723,299.92
$17,316,250.46
$22,988,901.39

$18,060,235.50
$11,501,671.24
$15,479,247.24
$26,685,481.17
$17,204,987.36
$22,190,151.29
$51,300,817.43
$36,917,214.95
$42,243,998.20

Develop
Develop
Develop
Develop
Develop
Develop
Develop
Develop
Develop

Develop
Develop
Develop

-$50,480,942.07

Develop
Develop

-$91,291,622.78

Develop
Develop

Develop
Develop

-$28,655,073.62
-$34,794,010.19

Develop

-$46,165,824.01
-$61,763,631.60
-$96,815,421.99
-$82,874,855.15

On Table 4-5 negative values indicate that the Storedecides to develop
the project instead of paying the penalty and p@sitalues indicates that the penalty is
a better choice. In the cases where it says ‘Dgvet@ans that the project has a positive
NPV and clearly is preferred over paying the pgndlable 4-5 shows the worst case

scenario that a wind project could face.

From the obtained results is possible to say tiepenalty of 0.4UTM is not
big enough to foster the investment on wind enefidge idea is for all the values on
Table 4-5 to be negative, in this point the penadtyhigh enough and fosters the

investment. It is possible to calculate the optimpenalty value that triggers all
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investors to prefer developing the wind projectisivalue can be calculated through the

following equation and applying it to the last valiinat becomes negative.

P)Min,, [INPV, 104l = NPV, (P,) ] (4.4)
suject to
INPV,,..a| = NPV, 20
NPV, . <0
NPV, 20
Ppenalty 2 O
where,

P, =Optimal Penalty

From the results, the last value that becomes negathen increasing the
penalty is the Case 1 with a discount rate of 12@plying equation (4.4) to this case
the optimum penalty is US$41.28 dollars, which.8B1UTM. When the penalty reaches
this value is better to develop the project instefdpaying the penalty for every

simulated case.

4.4.2 Incentives to Large Mining Companies

On the SING the most important clients are the ngntompanies. These
companies demand most of the electricity generatethe SING and therefore are
candidates of being the buyers for the energy géeafrom wind energy source. Due to
the importance of the energy supply, mining comgsrastablish contracts where the
price takes care of possible problems the gengrammpany could face and that would
diminish the probability of supplying electricitylf time, taking into account the great

loses carried by a non-supplied energy period.

To be able to analyze the incentives that mininganies have to buy wind

energy, four contract cases will be examined (Tdb&). The basic assumption is that
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the price that mining companies establish for tkerrgy contracts are at marginal cost

of the fuel providing electricity, this fuel willdbassumed to be coal.

Table 4-6: Mining Company Energy Contract Cases

Buying only Coal Energy @ 35[US$S/MWh]

Buying only Wind Energy @ Wind Contract Price

Buying Coal and Paying the Generating Company the Law Penalty

Buying Coal and Paying the Generating Company a Compensation for not buying Wind Energy

For all cases shown on Table 4-6 is assumed tkatthing company buys

the amount of energy generated by the wind farnatyaed in the simulation supposing

that these amounts would represent a quantity loarerequal to the 5% of its

consumption. An explanation of each case is shastovmb

Case | is the base case for the energy purchase for timéngn
company, assuming that the law does not exists theadmining
company only buys energy from coal-fired plants. the contract in
this case, the price is assumed to be 35 [US$/MWh].

Case Il is where the mining company buys all the energyegated
by the wind farm at wind energy purchase contraicep In this case
the mining company does not subsidy the wind ge¢ioeraas the
wind farm is capable of surviving under contradgtes, as observed

in the simulation (positive NPV in all simulatedses).

Case lll shows the situation where the mining company hings
amount of energy that would be generated by windhfcoal-fired
plants and gives the generating company a compensathich is
equal to the amount of money that the generatimgpemy will have
to pay for not generating with wind (not doing thiemd project); this

means that the mining company faces the followingep

+P

Price[US$/MWh] =P, penalty (4.5)

oal
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where,
P.. = Price for Coal-Fired Contract
P .y = Price of Law Penalty (0.4UTM=US$27.2)

* Case IVis the same situation as before but the generatngpany
develops the project and sells its energy on tlé smarket. In this
case the generating company has incentives to @@rtject just in
situations where the NPV of the project is positivethe situations
where the NPV is negative, the generating compamydcask the
mining company to give a compensation for not bgyiind energy.
This compensation is the penalty level at which generating
company has incentives to start paying the penaistead of
installing a wind farm and therefore is the pritevaich the project
this negative NPV becomes profitable (NPV=0). Tipsce is
calculated through the following optimization:

P)MaX{PC} DNPVwind - NPVpenaILy (PC )] (46)
suject to
NPVWI’nd = O
NPVpenalLy 2 O
Ppenalty 2 O

where,

P. =Compensation Price

c

The compensation price calculated is an additioseaénue per MWh
needed but after taxes, therefore the price thengiinompany would
have pay is calculated as follows:

PC

Price[US$/MWh] =P, , + =17%)

(4.7)
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4.4.2.1 Case |
Table 4-7 shows the total annual payment the micmgpany has to pay

when contracting energy without the law obligation.

Table 4-7: Case | Energy Payments

171,779,000 Coal NO 35 $  6,012,265,000
269,940,000 Coal NO 35 $ 9,447,900,000
515,334,000 Coal NO 35 S 18,036,690,000

4.4.2.2 Case ll

In this case there are only three different restdtseach rate of return
analyzed because when the generating company iselenergy purchase contract,
both high and normal demand show the same NPV, Alsonatter the connection node
the NPV is the same, therefore only varies withwvilred farm sizes. The contract price
tries to be set as low as possible; this meandlibagenerating company is forced to use
the lowest rate of return possible, which in th@dation is 10%; moreover to make
sure to receive firm capacity payment and to begsstered CDM project.

Table 4-8 shows the annual payments done by thexghcompany when

facing a wind energy purchase contract.

Table 4-8: Case Il Energy Payments

171,779,000 Wind NO 92.30 $ 15,854,890,520
269,940,000 Wind NO 92.30 $ 24,914,973,000
515,334,000 Wind NO 92.30 S  47,564,394,665

4.4.2.3 Case lll

Table 4-9 shows the total annual payment the micmgpany has to pay
when contracting energy including the law obligatlmut under the situation where the
generating company decides not to invest on wiretg@nbecause the mining company

covers the penalty imposed by law.
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Table 4-9: Case Il Energy Payments

171,779,000 Coal YES - Penalty 62.2 $ 10,684,653,800
269,940,000 Coal YES - Penalty 62.2 $ 16,790,268,000
515,334,000 Coal YES - Penalty 62.2 S 32,053,774,800

4.4.2.4 Case IV

For this case the possible situations are all thmilation cases where the
NPV resulted to negative (Figure 4-28). As menttbhefore, is assumed the when the
mining establishes a contract price where it iSnmpy@ compensation, tries to reach the
lowest price possible and this happens when therging company is made to expect
10% of returns from the wind project. For this digot rate the negative NPV cases are
only two (57.75MW and 90.75MW wind farms withoutrfi capacity payment and
unregistered CDM project), for all the other cafesmining company does not need to
give compensation as the generating company selihd energy on the spot market

without losing money. Therefore the energy paymargs

Table 4-10: Case IV Energy Payments

171,779,000 Coal YES - Compensation 37.85 S 6,501,248,060
269,940,000 Coal YES - Compensation 37.08 $ 10,009,111,414
515,334,000 Coal YES - Compensation 35.00 $ 18,036,690,000

4.4.2.5 Discussion

Comparing all cases with the base case (Casepbssible to observe that,
under law obligations, the case where the miningmany decides to compensate the
generating company (Case V) is the case that wbaldised to establish the contract
price. This means that the law sets a high enoeglalpy to foster the generation with
renewable energy, but does not encourages thefugma energy by the large mining

clients, whom are the most important clients in$teG.

Clearly, compared to the prices this clients facepompletely uneconomical

to buy wind energy instead of coal (Case ll), farthore is better to promote not
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investing in wind power and pay the penalty (Cdgewhich is totally opposed to what

the law aims.

4.4.3 Law Applicability Conclusion

The law applicability depends strictly on the f@wf the system. The worst
case scenario for the law is a coal adapted systethis case the system price stabilizes
on a very low price (coal marginal cost) and makesd project to be highly
unprofitable, this makes investors to choose patmeglaw penalty instead of installing
a wind farm. This situation could be counteractgdrzreasing the amount of penalty

imposed by law to a value greater than 0.61UTM.

When a wind project faces higher system pricesg#pebetween the penalty
and the profitability of the project gets small&nder this reality the law seems to be
affective and it would foster wind energy investiménthe SING. Nevertheless, any
additional investment on cheaper technologies wquitl the system prices down

causing motivations for investors not to investwond energy.

Therefore, the law in not fully effective and neadarkets with high prices.
The main solution to this problem is increasing ffenalty to values greater than
0.61UTM. With this the law would be fostering wiedergy investment in the SING no

matter the price realities the market could berfgci

From large client’s point of view, the decisiorthe same for both situations
(adapted and non-adapted system), because is abdinaie large clients have the
possibility of signing contracts at coal marginast The large client will end up signing
contracts at coal price and paying a compensatidhe wind generators for the case of
facing high system prices and deciding to pay theajfiy in case of having a system
adapted to coal. Therefore the law does not engeubaying wind energy, and in the
case of having a coal adapted system encouragédarffeeclients to pay the penalty as

compensation.
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4.5 Optimum Investment Decision

4.5.1 Maximizing NPV of the Project

Having enough resources to invest on wind farm dinasion is stated as an
optimization problem over a planning horizon of &ays, which in the case of a wind
farm is 20 years. The optimization would intendfita the optimal wind farm size as
well as the best connection node. The problem teesg the following (Botterud &
Korpas, 2004):

T
P) Max{p,n} (_Io + ;[(1_ r)_k X 9k (p'"' M Capacity k * [T s )}j (4.8)
subject to

p.nll Capacity k ? M cers i =0
where,
I (p,n,FPk,ERk) = Annual Flow of year k
p =Wind Farm Size
n =Connection Node
M capacity i =Firm Power Revenues on year k
[ P— =CERs Revenues on year k
r = Discount Rate
T = Evaluation Period
I, = Initial Investment

The only restriction of this problem is the non-atgty of the function
arguments and does not consider budget restrictidmes annual flow gconsists of the
sum of energy revenues and additional revenuesagpand CERS) minus the costs
(fixed and variable); this including the revenue td7%) applied every year and

depreciation. Therefore the annual flow is defiaed
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gk (p’ n, I_l Capacity ,k ? I_l CERs,k ) =

(4.9)

[|_| Energy,k (p'”) + 1 capaciey i (p:”) + g i (p) -Gy } x (1_ 17%) +1%%%D,

where,

M fergy i (p, n) = Energy Revenues on year k

M capacity & (p, n) =Capacity Revenues on year k

] p— (p) =CERs Revenues on year k

C, =Total Costs of year k

D, = Depreciation on year k

Is important to know that this maximization has &dwne for each discount
rate considered, depending on the returns expédaiedthe project and also has to be
done for each demand scenario, which are two inithelation. Now, for the situation
where the wind farm receives firm capacity payment as considered to be

unregistered CDM project, the optimal investment dlcalculated.

45.1.1 Normal Demand Scenario

$75,000,000 -
$70,000,000 -

$65,000,000 - /
$60,000,000 -
$55,000,000 -
$50,000,000 -
$45,000,000 -
$40,000,000 -
$35,000,000 -
$30,000,000 -
$25,000,000 -
$20,000,000 -
$15,000,000 -
$10,000,000

NPV [US$]

55 65 75 85 95 105 115 125 135 145 155 165 175
Wind Farm Capacity [MW]

‘—O'Higgins 220 Calama 110 Crucero 220 ‘

Figure 4-29: NPV Level Curves for 10% discount rateNormal Demand
Figure 4-29 shows the level curves for the maxinorabbjective function.
From these curves is possible to see that the mewiMPV is obtained with a wind
farm of 173.25MW connected to O’Higgins 220.
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For the other two discount rates the solution issdmae as it was in the case
with 10%. On the case with 12% the values are muckecland the second highest

value is for the case of a 90.75MW wind farm conegt¢b Calama 110.

$45,000,000
$40,000,000 -

$35,000,000 - /
$30,000,000 -
$25,000,000 -
$20,000,000

$15,000,000 -
$10,000,000 -

NPV [USS]

$5,000,000 -
$o

T T T T T T T 1
55 65 75 85 95 105 115 125 135 145 155 165 175
Wind Farm Capacity [MW]

‘ = 0O'Higgins 220 Calama 110 Crucero 220 ‘

Figure 4-30: NPV Level Curves for 11% discount rateNormal Demand

$15,000,000 -
$10,000,000 - =

$5,000,000 -

NPV [Us$]

s$o
55 65 75 85 95 105 125 135 145 155 165 175

-$5,000,000 -

-$10,000,000 -
Wind Farm Capacity [MW]

‘ e 0O'Higgins 220 Calama 110 Crucero 220 ‘

Figure 4-31: NPV Level Curves for 12% discount rateNormal Demand
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4.5.1.2 High Demand Scenario

$400,000,000
$350,000,000
$300,000,000

$250,000,000

NPV [USS]

$200,000,000
$150,000,000
$100,000,000

$50,000,000
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Figure 4-32: NPV Level Curves for 12% discount rateHigh Demand

In the case of a high demand scenario the behatitre curve is extremely
similar and the optimum investment is always the esdior every discount rate
considered in the analysis. Therefore only oneasitn is shown by Figure 4-32. The
optimum investment for the high demand case, for ahthe three discount rates

considered, is a 173.25MW wind farm connected ta@al 110.

4.5.2 Maximizing the Marginal NPV of the Project

Maximizing the marginal NPV is good when the investmienrestricted,;
this means that investing more (larger wind farmpvps to be harder. When
maximizing the marginal NPV, the wind farm size in remnsidered because the
marginal incomes (US$/MWh) are used. Therefore, dieeision is based on the
investment that gives more revenues per MWh eveuagth the final revenues could be

lower. The maximization problem, using the samagbefore, is:

,n, 11 D
P)MaX{p'n} _1?0 + i (1_r)—k % gk (p n Ca;zczty,k CERs,k) (410)
k=1 k



131

subject to
pnll Capacity k ? M cers i =0
E,E, >0
where,
I (p,n,FPk,ERk) = Annual Flow of year k
p =Wind Farm Size
n =Connection Node
M capacity i =Firm Power Revenues on year k
[ P— =CERs Revenues on year k
r = Discount Rate
T = Evaluation Period
I, = Initial Investment
E, =Generated Energy on year k
E = Average Generated Energy
$50.0
$40.0
$30.0

$20.0 -

$10.0 /
/

145 155 165 175

-$10.0

Marginal NPV [USS$/IVIh]

-$20.0

-$30.0

-$40.0

Wind Farm Capacity [MW]

‘—O'Higgins 220 Calama 110 Crucero 220 ‘

Figure 4-33: Marginal NPV Level Curves for 12% disount rate, Normal Demand

Figure 4-33 shows the case where the wind farm geddqacapacity and is
not a registered CDM project. Under these circumstatite optimum investment is the
same for both, Normal and High Demand. The maximunolktained when the
investment is a 57.75MW wind farm connected to Caldit0.
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Analyzing all the other possibilities, the resulte ahe same; this means
investing on a 57.75MW wind farm connected to Calaiif. There is only one
situation where the result was different; the sitratwhere the wind farm does not
perceive capacity revenues (for both registeredusmegistered as a CDM project) and
requiring the project to have an 11% return undemal demand scheme. In this case
the optimal investment is a 90.75MW wind farm coneddo Calama 110, as seen on
Figure 4-34.

$50.0

$40.0
$30.0 /

$20.0
$10.0

145 155 165 175
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Wind Farm Capacity [MW]
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Figure 4-34: Marginal NPV Level Curves for 11% disount rate, Normal Demand
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5 CONCLUSIONS ANDFURTHERWORK

5.1 Conclusions

After all methodologies were applied, it is possibdeconclude that the
installation of wind farms is feasible under a markat faces prices high enough; this
means systems where expensive technologies areatjage(not adapted to lower cost
technologies like coal). In this case, the law getes enough incentives to the

installation of wind farms.

In the case of having a coal adapted system, wkiehsituation very likely
to happen in the SING, the long term electricity @ris much lower and this makes
potential wind farm projects to be economically @sible. Moreover, on a market
facing these prices, the law does not give adeqnesgmtives for investing, this happens
because the penalty imposed by law is not high dnang investors are induced to pay
the penalty instead of investing on wind energy.sThibhe hypothesis formulated at the
beginning of this thesis does not hold for thisnsce.

Although wind power is not a new concept, the viabiliy selling the
electricity produced from these turbines has imptbin recent years due to technical
advancements, as well as government mandates agntives. Technical, commercial,
and regulatory barriers restrain expansion of wpmver in Chile. Wind-generated
electricity is still expensive and technical probkeneed to be solved before wind can

contribute more significantly to Chile’s power mix.

In Chile the market for wind power has developed \aoyly, mainly due
to a lack of a clear, consistent, streamlined fraork for wind power, as well as
incentives for wind developers. Barriers preventangnore robust market for wind

power in Chile include:

1. High Costs Chile, due to the lack of development on wind gger

does not have an easy way to import all the equmpmezjuired for a
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wind energy plant to be installed. This makes tloegss very costly
and translates into high development costs for \lwed energy

project.

2. Limited Wind Resource Assessment D&teoject developers need
more information about wind resources in Chile idesrto minimize
risk and choose better sites. Chile should devedopletailed
assessment of wind resources, and internationadtasse is likely

needed to accelerate these activities.

3. Lack of Regulatory Framewarklhe actual regulatory framework
does not give enough motivation to invest on rendésvamergy
projects. The new obligations being considered wdwlp to start
investing on some projects but do not give the adexsignals to

encourage investment.

5.2 Further Work

To analyze further work, it is important to summarike contributions made
by this thesis. This investigation starts from &ge evaluation of an investment project
done for a mining company. From this point, and witle objective of analyzing
economical effects and real economical feasibititywind energy inclusion on the
electricity market, an economic dispatch model wasstructed including wind energy

generation and emission displacement.

Furthermore, the impact of capacity payments ands®am reduction
certificates on the evaluation of wind energy priggalaced on the Chilean northern

electricity market was analyzed.

Finally, due to the recent modifications being desd for the electricity law
in relation to NCRE, a model to analyze the law ayatlility and investment incentive

was developed.
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Therefore, further work should be focused on monieitdtions and further
research that could be achieved starting from thet his thesis left off. An important
point is to model the inclusion of wind energy witheater detail. One significant
limitation of the simulation model is not being akllo handle a detail greater than
weekly detail and therefore some intermittency oa wind resource might not be
completely perceived. Hence, an interesting work @dé analyzing the inclusion of

wing energy into the system with greater detail {darl hourly).

When including wind energy into any system theremsre than just
economical restraints. Thus, possible further workuldlobe combining the work
covered by this thesis with a technical analysibapdity and dynamic effects analysis)

for the system under investigation.

At last, for complementing the variables under asialyit would be good to
evaluate the impact of transmission line use atidoyment, applied to wind energy

generation.
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Appendix A. WEIBULL DISTRIBUTION CALCULATION

It is very important to understand how your windesggeare distributed, this
means how much time the winds are strong (high wiegdg), and how much time they
are weak (slow wind speeds). This is shown in a wineédmistribution. When the
turbine expected power is calculated to get an geeya&arly generation is possible to
take the curve of the wind speed distribution andtipiy it with the power curve of the

wind turbine. A very accurate statistical distribuatiosed to represent wind speed is the

Weibull distribution.
k v k-1 .
/ (V)Z(E}‘H e e

On the equation above is possible to see the pagasndtat define the
function, these parameters are k anthis function varies with the variation of the wind
speed v. For adapting a Weibull distribution to éixésting wind data from WP site, it is
necessary to obtain the parameters of the densigtibn. To obtain these parameters is

essential to do the following.

k =1.05x V, Low Variability
k =0.94x% V, Medium Variability (6.2)

k =0.83%+/V, High Variability

Where V is the wind speed average for the period underyaisalWP site
can be considered as a medium variability due éohiburly wind behavior throughout

the year. Now, to estimate the value\ahe formula below will be used.

=V 6.3)

r(Vk)

Therefore, for the WP site the following calculatonvhere done:



k =0.94%~/7.657= 2601
7657

A= i220 9.439{m ]
0811 A

Subsequently, the Weibull density function is tgtdlefined and with this is
possible to plot the Weibull curve.

1.601
f(v)=0.276x (ﬁj x @ (119439 (6.4)

1100
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900 -
800 -
700 A
600 -
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400 -
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Q v ™ © % N NG > N NS D g >

Wind Speed [m/s]

Figure 5-1: Weibull and Histogram for WP Site

Figure 5-1 shows the similarity between the histagrand the Weibull
density function calculated. The curve adjustmsmidse enough and can be used as the

distribution for the wind data in the WP site.
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Appendix B. WP SITE WIND DATA

DAY\HOUR

1-Jan-04 6.54 4.34 1.86 2.14 3.12 4.46 4.1 3.91 3.77 5.2 4.92

2-Jan-04 2.07 2.21 3.39 6.9 7.16 6.83 8.64 8.81 8.29 7.83 6.78

ERELEI 1.02 2.36 4.87 6.49 6.35 7.78 8.57 8.79 10.03 8.89 7.64

4-Jan-04 3.29 5.2 5.76 7.07 7.83 6.21 7.5 8.36 7.33 7.55 6.88

5-Jan-04 2.65 1.4 391 5.44 7.64 8.6 7.98 9.12 6.95 5.08 2.62

[EL R 4.6 5.18 5.16 8.26 9.15 7.14 5.73 7.74 4.03 2.6 2.81

7-Jan-04 5.83 2.29 0.54 1.26 3.82 5.63 5.13 4.32 3.1 4.53 5.11

8-Jan-04 5.32 3.39 0.83 2.57 3.67 5.42 6.57 5.2 4.53 3.44 2.17

9-Jan-04 6.85 5.06 2.79 1.78 331 4.96 5.06 4.22 4.75 4.05 3.7
10-Jan-04 4.49 1.81 0.35 114 0.64 217 4.49 4.89 5.66 5.66 3.44
11-Jan-04 4.82 5.32 4.49 1.62 1.33 0.78 1.09 2.48 6.02 7.02 5.11
12-Jan-04 3.15 1.93 3.34 5.06 7.07 7.14 6.59 6.73 7.71 10.35 7.35
13-Jan-04 7.33 3.05 117 3.19 5.9 6.59 7.4 6.45 6.04 6.35 6.33
14-Jan-04 5.76 3.67 241 2.26 5.28 5.73 5.56 5.68 6.02 6.14 4.17
15-Jan-04 4.85 2.84 1.04 1.07 1.64 3.36 4.17 6.35 6.57 7.69 5.51
16-Jan-04 2.74 0.64 3.7 4.63 7 6.83 5.46 2.29 25 1.52 1.28
17-Jan-04 6.4 4.77 1.95 1.38 3.65 53 5.56 5.68 5.87 4.25 3.05
18-Jan-04 4.75 3.1 0.95 1.12 4.17 5.56 6.8 7.62 8.5 7.95 6.62
19-Jan-04 3.12 2.33 1.24 4.53 4.46 5.78 5.2 5.49 6.3 9.44 6.59
20-Jan-04 4.08 2.26 2 2.55 4.77 5.42 7.57 7.09 7.76 9.89 7.38
21-Jan-04 6.88 4.03 0.52 0.83 1.83 5.11 6.97 6.19 6.52 7.02 4.82
22-Jan-04 5.28 3.58 1.78 2.36 3.72 3.34 2.98 2.48 1.64 3.79 3.62
23-Jan-04 6.69 3.36 145 3.96 2.81 4.96 7.48 6.97 5.94 5.23 5.11
24-Jan-04 7.6 6.23 5.71 2.57 3.48 4.56 53 5.16 5.37 5.97 4.77
25-Jan-04 7.43 5.54 2.98 1.78 0.52 3.91 4.05 5.63 7.64 7.95 6.85
26-Jan-04 8.14 7.35 3.65 2.24 2.57 4.22 5.18 6.92 7.28 7.28 6.26
27-Jan-04 6.52 3.7 1.88 0.87 0.35 0.35 0.64 0.47 1.09 2.38 3.22
28-Jan-04 6.06 2.53 0.87 214 4.27 3.87 0.47 0.78 1.98 5.87 6.69
29-Jan-04 8.48 2.33 0.8 1.6 4.49 6.62 6.92 6.85 8.41 8.5 6.71
30-Jan-04 3.62 2.12 4.17 3.58 5.92 7.28 8.76 9.19 7.45 8.41 7.76
31-Jan-04 2.05 2.24 5.08 5.99 6.73 7.09 8.93 11.35 11.32 11.01 9.84

1-Feb-04 2.89 5.08 4.92 5.08 4.53 5.9 6.02 6.9 9.24 9.19 6.62

2-Feb-04 2.26 1.81 3.48 4.56 7.52 7.81 8.62 8.64 9.03 9.01 731

3-Feb-04 3.22 2.48 3.72 4.75 53 5.73 5.76 6.16 5.25 6.45 5.9
4-Feb-04 3.62 0.66 2.46 3.65 3.53 4.25 6.4 5.76 4.8 8 6.95

5-Feb-04 5.9 4.75 2.57 2.26 5.18 7.12 6.45 6.37 6.73 7.57 5.56

6-Feb-04 43 3.67 0.85 4.44 4.44 4.42 5.32 5.25 6.09 7.76 6.52

7-Feb-04 2.43 2.55 1.74 2.79 4.49 5.71 7.35 7.14 7.12 7.74 8.21
8-Feb-04 5.85 2.89 0.42 2.53 4.15 5.35 5.71 4.44 4.27 4.58 3.87
9-Feb-04 4.13 1.67 4.44 5.16 5.73 6.73 7.02 8.41 7.07 5.46 6.69
10-Feb-04 3.82 3.19 5.32 5.46 6.47 7.26 8.43 9.32 9.22 8.74 7.76
11-Feb-04 3.94 121 3.94 6.35 53 6.62 7.43 8.79 7.81 7.64 7.21
12-Feb-04 2.38 2.29 4.85 6.23 7.4 8.14 9.53 10.27 10.99 10.46 8.46
13-Feb-04 1.07 221 5.83 6.71 7.57 8.81 8.84 9.75 9.1 10.96 10.13
14-Feb-04 1.04 3.51 5.85 6.09 7.81 9.17 9.27 10.25 10.2 11.47 10.37
15-Feb-04 1.33 4.2 4.46 7.78 7.9 5.99 6.69 8.69 9.62 9.77 7.93
16-Feb-04 3.05 3.34 5.76 5.68 7.24 8.41 8.48 7.95 7.45 9.82 8.53
17-Feb-04 6.11 2.5 2.38 5.13 5.68 7.28 8.67 9.67 10.68 10.27 5.63
18-Feb-04 4.25 0.78 2.46 2.38 4.13 5.35 6.19 5.32 3.24 4.87 6.97
19-Feb-04 6.62 2.26 1.95 3.65 5.11 6.59 6.47 6.92 7.62 7.95 7.6
20-Feb-04 4.27 2.69 5.35 5.56 7.48 8.26 8 7.67 8.1 8.55 6.37
21-Feb-04 2.62 1.74 3.29 4.92 6.71 6.47 5.56 4.22 3.55 3.03 4.1
22-Feb-04 5.06 2.84 155 2.69 4.08 4.05 3.22 2.84 2.69 5.8 4.82
23-Feb-04 4.08 1.33 2.72 5.06 5.78 5.97 4.42 4.08 3.58 5.85 5.28
24-Feb-04 6.14 4.03 3.01 3.46 4.27 4.65 5.44 6.97 7.9 7.95 8.19
25-Feb-04 7.26 3.6 1.88 4.89 4.92 6.64 5.85 6.45 6.76 6.97 6.49
26-Feb-04 4.94 1.26 2.81 4.85 6.21 7.09 6.49 6.76 8.12 8.53 7.76
27-Feb-04 6.8 5.68 1.78 3.98 3.91 4.92 6.09 6.37 7.14 8.36 7
28-Feb-04 1.95 1.47 2.67 4.58 5.32 6.54 7.76 8.5 7.09 6.83 7.43
29-Feb-04 3.44 1.55 5.01 5.23 53 5.9 6.83 9.58 9.17 9.58 8.36

1-Mar-04 0.8 1.88 5.54 5.97 7.4 8.14 7.24 7.28 7.52 9.1 8.31
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9-Apr-04
10-Apr-04
11-Apr-04
12-Apr-04
13-Apr-04
14-Apr-04
15-Apr-04
16-Apr-04
17-Apr-04
18-Apr-04
19-Apr-04
20-Apr-04
21-Apr-04
22-Apr-04
23-Apr-04
24-Apr-04
25-Apr-04
26-Apr-04
27-Apr-04
28-Apr-04
29-Apr-04
30-Apr-04
1-May-04
2-May-04
3-May-04

1.88
0.78
1.57
1.98
217
1.45
2.46
3.22
5.83
2.96
2.36
31
2.72
2.53
3.05
4.68
7.05
5.9
5.71
4.87
2.14
8.55
8.48
1.98
6.64
5.42
6.16
3.17
6.78
5.54
4.39
4.25
10.8
9.84
8.76
2.12
6.8
6.97
10.8
10.87
5.61
8.38
9.98
9.89
11.37
11.49
2.19
7.55
11.78
8.64
12.8
10.53
8.03
10.39
12.14
12.37
7.83
6.16
7.24
9.96
2.26
2.72
1.02

4.68
1.17
1.78
171
3.77
3.08
2.12
5.87
5.2
5.78
6.11
5.94
5.56
4.65
4.22
5.37
7.5
6.3
7.52
6.42
3.62
7.64
6.47
1.67
9.36
5.85
5.99
2.38
7.05
6.26
4.99
3.36
9.75
9.82
7.86
1.78
7.31
6.45
11.49
9.84
5.78
9.58
8.69
10.94
11.87
12.26
241
9.39
11.51
7.95
12.73
11.87
10.56
10.22
14.26
12.23
7.35
731
6.69
10.37
4.51
1.4
2.17

5.54
2.84
1.55
2.98
5.97
537
2.69
5.76
7.88

6.21
7.64
6.42
6.06
5.66
7.83
9.48
8.17
8.86
9.1
5.37
535
1.19
4.37
11.54
7.38
7.64
5.66
5.18
6.66
7.98
7.4
10.53
9.32
5.18
0.37
6.64
535
10.03
9.7
4.32
9.84
10.7
10.18
12.02
12.42
3.34
10.3
11.68
8.21
13
13.12
11.13
10.94
13.91
12.11
5.56
8.24
6.83
11.11
3.36
1.64
1.24

7.6
6.19
4.68
5.51
6.95
5.78
5.44
8.17
8.89
8.19

7.6
7.55
7.62
8.03
7.38
9.44

10.94
8.96
9.65

10.15
6.83
331
4.92
5.71

11.21
8.17

8.6
7.26
5.92
9.46
8.03

7.9
9.29
9.87
5.18
231
7.12
4.94
9.91
9.51
6.83

10.49
10.18
9.53
11.92
13.19
5.01
10.99
12.16
7.62
13.67
12.16
12.28
11.59
15.55
11.08
2.79
7.86
9.34
10.37
1.43
2.29
1.02

8.5
7.09
6.66
5.61
7.98
7.45
7.07
9.12
8.38
7.93
9.32
8.14

9.6
8.57
9.15
9.89

11.64
10.89
10.89
10.46
8.41
2.48

5.2

7.38
11.85
9.32

7.98
4.89
9.53
9.12
8.64
8.53
9.19
5.35
2.57
7.12
53
8.38
10.15
7.86
10.96
10.7
9.29
11.87
12.16
6.52
11.13
10.56
8.46
124
8.91
12.14
10.92
14.41
11.32
2.05
7.35
8.29
9.1
1.26
1.43
2

7.57
5.78
6.49
5.44
8.69
8.43
5.94
8.91
11.21
7.98
10.68
9.44
10.51
9.87
10.61
10.92
13.05
12.04
12.16
11.54
10.03
3.44
5.85
9.51
11.64
11.28
7.62
8.53
5.42
10.96
9.53
8.89
6.09
6.42
3.48
1.71
4.68
4.17
5.11
8.86
3.27
8.5
9.51
7.9
8.46
9.79
5.54
8.33
6.9
6.06
9.44
5.83
8.98
8.86
10.39
9.15
1.74
5.66
6.35
6.69
221
3.29
2

7.71
5.99
6.28
6.49

8.41
6.49
9.36
10.49
9.7
11.59
11.16
12.49
11.8
9.89
12.35
11.8
12.26
11.78
11.97
9.34
5.32
6.9
8.79
10.7
12.88
8.24
10.58
6.92
11.39
10.75
9.96
4.15
3.17
1.76
0.71
131
2.57
3.27
3.79
6.64
5.03
5.8
4.94
4.01
5.28
4.68
6.37
2.74
3.53
6.83
3.55
4.77
6.78
7.05
7.21
7.19
219
3.53
4.25
11.06
6.02
3.94

8.26
6.45
6.83
5.66
8.74
8.91
4.65
11.56
10.42
8.31
12.57
11.64
11.56
11.16
113
13.67
11.92
12.8
12.45
10.65
8.57
5.92
4.27
8.81
11.37
13.12
10.87
10.65
8.12
10.94
11.64
10.89
1.76
3.46
6.33
2.55
5.23
3.7
2.55
3.84
11.87
1.95
2.5
2.76
1.88
3.05
3.94
3.89
243
21
2.79

3.01
3.03
391
5.87
8.96
5.23
1.55
4.1
12.04
10.1
9.03

8.93
5.44
8.33
7.52
8.76
9.17
6.52
11.8
10.99
9.94
13.88
12.14
11.28
8.6
12.85
14.24
134
13.93
12.64
9.58
9.72
6.83
3.44
731
9.94
12.66
11.49
8.81
8.64
11.42
11.39
6.14
4.32
8.38
9.24
7.88
7.31
7.86
5.97
9.22
13.6
4.8
6.83
7.07
4.7
7.57
1.86
4.13
5.25
4.58

5.25
7.14
3.55
1.74
11.42
9.41
7.43
3.15
8.74
135
11.47
12.28

9.27
7.64
9.17
9.82
9.1
8.62
7.83
11.83
11.23
9.96
14.12
11.47
11.18
11.51
13.21
13.33
14.6
13.16
13.12
11.28
9.91
5.08
1.28
9.22
10.15
12.71
11.25
7.67
10.25
10.25
10.15
9.44
7.78
10.89
9.46
11.32
9.41
10.32
8.57
11.94
13.88
9.44
8.67
9.6
7.5
10.3
4.53
7.55
8.29
6.28
291
8.69
10.75
6.49
2.1
9.1
8.86
8.86
7.76
9.65
15.75
12.62
12.85

7.6
7.81
7.95
8.64
9.24
891
8.12

11.39
10.46
10.2
12.4
9.39
10.05
11.25
12.76
12.37
12.04
13.09
11.06
10.08
8.03
3.17

2.6

8.6
9.55

12.09
10.13
7.57
10.92
4.82
7.24
10.1
9.46
10.68
9.89
12.09
11.32
10.32
9.46
14.53
13
10.51
12.04
11.06
8.38
12.16
10.08
9.34
8.79
6.62
6.3
8.6
11.39
8.21

3.6
9.72
9.05
8.81
8.55

9.1
16.2

12.76
12.14



4.53
4.17
4.65
6.62
8.72
7.12
59
9.19
7.35
7.64
8.07
6.8
8.43
8.46
10.03
9.89
9.05
9.98

6.37
5.28
2.98
2.57
6.57
6.76
9.65
8.26
7.21
8.48
2.67
4.6
10.13
9.79
11.01
10.46
11.37
11.3
12.14
10.18
15.24
12.49
10.96
11.73
11.28
9.17
11.75
11.37
9.17
9.27
7.07
6.54
9.89
10.94
6.92
5.56
12.11
9.75
9.05
8.76
10.1
16.03
14.31
11.28

1.47
2.03
15
3.7
4.27
25
4.27
4.87
2.33
3.55
4.7
4.82
4.3
4.53
5.99
5.61
5.73
4.99
4.3
2.41
2.67
7.98
6.06
5.03
4.68
5.23
4.2
3.55
6.02
5.25
14
10.03
9.34
10.75
9.84
10.51
10.46
135
9.44
15.37
12.14
10.18
12.92
11.23
8.38
11.16
10.89
8.6
8.48
7.33
7.35
11.59
10.01
5.94
7.6
12.35
9.7
8.43
9.65
9.39
12.33
11.99
10.94

6.09
7.05
5.11
2.53
133
2.05
1.69
2.05
3.72
3.08
133
293
341
3.08
291
1.62
1.6
1.81
0.73
5.2
5.8
10.63
12.69
2.48
2.65
3.17
2.46
2.07
2.96
6.57
6.92
9.65
8.46
9.36
8.41
9.82
10.53
12.45
9.82
13.07
10.92
9.51
14.17
10.51
6.73
9.41
9.19
7.62
7.52
7.5
6.52
11.37
9.39
7.95
7.16
11.61
8.74
8.81
8.76
7.86
11.68
11.59
10.37

9.65
9.65
9.91
7.67
5.94
7.45
6.62
4.65
6.42
5.51
4.42

3.7
6.64
5.61
6.52
4.96
5.71

4.37
8.67
831
11.49
13.48
2.65
7.12
8.89
7.83
4.82
3.74
7.28
10.18
8.26
7.76
8.33
8.46
7.9
10.1
10.89
8.84
11.47
8.84
9.84
13.02
8.24
6.62
8.24
6.26
6.83
6.62
6.73
7.52
11.59
8.64
8.64

8.1
7.09
6.23
6.14
5.49
9.67
8.74

10.01

11.97
11.73
11.59
10.56
9.44
11.06
9.89
9.39
8.36
8.86
8.03
7.86
9.46
8.19
8.81
9.22
9.27
9.94
9.36
10.99
11.06
10.46
14.81
7.57
9.41
8.64
9.48
6.04
9.87
8.64
11.61
59
8.72
4.94
6.69
7.64
9.82
9.22
8.6
9.75
5.11
9.1
6.35
5.37
8.12
8.14
4.32
4.13
8.6
4.05
7.74
9.62
5.8
6.33
6.71
8.98
7.62
7.14
5.25
6.92
5.61
7.31
8.89

11.94
12.57
12.52
11.37
11.04
11.87
11.94
10.1
9.6
11.08
9.34
10.53
10.05
9.72
10.08
10.42
10.8
9.84
10.82
10.63
11.64
10.56
15.37
10.03
10.56
9.48
10.49
6.37
10.56
8.72
12.04
4.05
5.87
7.21
2.79
8.48
5.85
5.73
6.16
6.95
4.77
6.19
293
2.96
3.65
4.87
2.6
3.77
5.11
4.03
6.23
8.05
3.6
1.12
4.73
10.56
6.04
4.3
7.19
6.47
2.86
5.59
6.28

11.85
12.14
12.11
11.85
11.71
12.28
12.09
10.13
10.65
10.25
9.94
10.32
10.39
9.87
9.98
10.25
10.94
9.84
11.42
9.82
1111
10.42
14.29
11.11
10.27
9.53
10.32
243
10.68
8.36
12.66
3.39
3.34
7.93
195
5.92
3.46
231
2.46

3.48
1.24
4.03
4.03
3.46
3.72
2.79
4.89
2.29
3.36
0.92

21
2.38
4.44
3.87
8.62
5.16
1.78
331
4.63
1.57
3.08
1.45

11.66
11.99
11.61
11.13
11.32
11.68
11.64
10.44
10.08
10.25
9.82
10.68
10.82
9.94
10.35
10.3
11.01
9.7
10.58
9.36
11.28
11.16
13.6
10.32
10.51
9.7
10.39
4.82
10.39
8.72
12.76
2.19
1.57
6.85
4.51
4.34
5.66
3.96
3.41
8.36
1.67
4.37
6.8
4.94
6.3
6.09
3.51
6.97
4.27
7.05
4.51
4.39
7.26
5.51
6.54
7.45
5.85
7.81
3.72
1.81
0.49
2.55
4.85

10.2
11.04
10.13
10.46
11.01
11.08
10.78
10.65

9.89
10.18
10.68
10.22

10.7
10.08
10.25

9.77
10.05

9.48

9.34

8.98

9.67
10.22
13.05

9.29

9.48

9.67

9.58

4.82
10.15

7.5
10.99

5.37

4.32

2.74

5.9

2.38

6.11

5.39

3.29

5.87

4.42

5.83

8.1

6.85

7.62

5.23

4.03

7.95

6.11

6.33

6.3

6.95

6.62

7.74

6.49

53

6.49

5.49

4.96

3.87

1.21

2.29

6.92

9.58
9.24
9.79
11.68
11.35
9.62
9.6
8.98
8.96
7.95
10.22
9.44
10.03
9.05
10.1
8.46
10.08
9.03
8.5
8.29
9.72
8.86
10.58
8.79
8.1
9.1
8.24
157
9.41
7.26
831
6.35
6.57
3.19
6.66
0.69
6.97
6.42
6.37
5.46
6.33
7.55
7.81
9.41
9.75
6.95
5.9
8.98
6.26
9.1
7.81
9.12
8.03
9.55
7.83
1.74
2.07
5.46
5.85
7.81
1.76
5.16
7.52

9.6
9.1
9.44
8.67
9.67
8.98
7.14
6.97
9.89
6.54
8.64
10.51
8.62
7.83
9.1
8.43
7.95
9.67
7.95
7.83
9.65
8.31
9.19
7.21
7.31
6.06
6.49
0.61
7.81
6.19
4.7
9.36
7.93
5.63
4.13
1.5
7.57
9.41
7.86
391
7.26
8.72
8.81
10.18
8.6
7.88
8.55
10.1
9.29
9.94
9.03
9.44
7.55
10.58
9.79
5.11
2.5
7.21
6.47
7.93
1.5
5.13
9.17

7.78
9.36

7.16
8.48
7.02
6.28
5.49
7.12
6.45
7.95
7.5
9.6
7.43
7.64
3.51
7.26
6.52
571
5.68
10.08
7.88
9.05
4.56

391
5.35
2.17
4.7
1.4
2.12
10.05
8.24
5.28
2.05
5.85
6.21
9.53
9.03
0.92
7.24
9.29
8.69
11.39
7.86
7.43
7.45
10.63
9.91
10.56
10.73
6.57
10.68
11.66
11.39
6.49
4.03
8.57
8.14
7.12
1.28
2.96
9.05

2.43
5.59
4.17
2.81
3.87
334
2.1
2.96
2.19
2.72
391
551
6.23
6.02
6.73
434
2.36
1.83
2.24
4.44
891
85
3.82
6.37
2.86
3.74
4.94
4.42
2.07
3.87
0.97
10.51
9.01
5.94
1.5
7.48
5.94
9.98
10.56
2.19
8.69
10.61
9.87
11.35
10.44
5.11
7.35
10.75
10.1
11.49
11.75
7.4
11.18
12.69
12.78
5.9
6.02
6.76
7.78
4.15
2.53
2.05
10.46



4-May-04
5-May-04
6-May-04
7-May-04
8-May-04
9-May-04
10-May-04
11-May-04
12-May-04
13-May-04
14-May-04
15-May-04
16-May-04
17-May-04
18-May-04
19-May-04
20-May-04
21-May-04
22-May-04
23-May-04
24-May-04
25-May-04
26-May-04
27-May-04
28-May-04
29-May-04
30-May-04
31-May-04
1-Jun-04
2-Jun-04
3-Jun-04
4-Jun-04
5-Jun-04
6-Jun-04
7-Jun-04
8-Jun-04
9-Jun-04
10-Jun-04
11-Jun-04
12-Jun-04
13-Jun-04
14-Jun-04
15-Jun-04
16-Jun-04
17-Jun-04
18-Jun-04
19-Jun-04
20-Jun-04
21-Jun-04
22-Jun-04
23-Jun-04
24-Jun-04
25-Jun-04
26-Jun-04
27-Jun-04
28-Jun-04
29-Jun-04
30-Jun-04
1-Jul-04
2-Jul-04

10.87
9.94
8.62
7.98

53
5.92
9.22
6.92
4.77
7.67

11.83

12.19

11.97

10.63
9.24
9.29

10.22
9.22
7.52

12.45

11.04
6.88
1.47
7.57
6.42

11.68
8.86
6.28

10.44

10.61
15.2

17.68

14.91

14.29

13.33

11.11
13.6

10.75
8.76
8.93
4.85

10.85
2.62
4.56
7.62
7.35
4.75
9.53

10.56

11.61
10.7
2.19

11.51

11.28

10.03

12.04

13.31

13.45

10.22

10.01

11.49
10.94
10.27
9.27
5.63
5.66
10.03
6.8
6.78
8.14
11.54
10.85
12.66
12.45
9.79
9.6
10.61
9.08
8.55
11.99
11.28
7.05
3.89
7.14
6.59
11.51
10.27
6.26
8.07
11.8
16.23
15.84
15.01
14.94
13.52
11.8
13.67
12.07
9.46
9.51
4.75
10.25
2.46
217
7.6
6.21
5.35
10.3
10.8
12.64
10.42
0.92
8.98
10.2
10.03
12.19
13.23
12.85
10.35
10.85

11.21
10.63
10.44
9.51
5.39
5.46
9.48
7.12
3.24
9.44
11.99
11.35
12.07
12.62
8.46
9.19
11.35
10.49
10.1
10.42
10.96
8.36
6.97
7.12
7.88
13.07
10.65
8.24
5.99
12.23
15.24
16.25
14.34
14.67
14.21
11.21
14.21
11.54
7.76
8.89
6.19
8.64
334
2.65
9.79
833
6.66
11.18
10.82
12.59
10.53
3.03
9.79
11.21
10.73
12.83
13.23
11.54
10.13
10.96

11.99
10.65
9.84
9.19
5.32
3.29
9.6
5.37
3.03
9.7
12.02
11.35
14
12.35
6.95
9.67
11.23
12.04
10.39
11.25
12.07
8.79
8.48
6.26
9.19
13.64
7.88
8.19
7.76
13.95
15.51
16.87
14.36
15.39
13.78
11.51
14.34
10.61
9.72
9.46
7.52
8.41
4.65
3.05
5.73
8.57
8.33
11.78
9.32
12.76
12.23
3.94
9.98
11.32
10.05
13.23
13.31
12.16
10.8
11.78

10.7
10.61
9.77
9.39
5.13
4.37
9.36
5.03
5.85
9.19
13.45
9.91
13.16
11.61
5.9
9.48
11.13
12.37
10.03
9.34
13.12
8.69
8.36
2.96
8.5
13.81
8.62
8.86
10.01
135
14.74
17.18
12.92
13.76
14.03
10.3
12.97
9.1
11.18
9.98
7.33
7.95
7.28
3.67
5.85
9.84
7.55
13.31
10.51
14
11.83
6.42
11.59
11.85
10.51
13.38
14.43
10.92
9.67
9.82

7.31
8.62
8.19
7.78
4.99
2.53
7.07
4.51
6.76
7.24
12.42
8.17
9.62
9.82
4.25
7.71
9.46
113
9.36
8.53
11.13
6.35
5.94
2.12
6.19
12.04
8.17
6.11
7.16
12.62
11.99
14
9.94
12.26
11.47
7.86
9.94
7.88
9.96
8.98
3.62
6.09
6.14
2.36
291
8.12
8.43
11.99
7.19
11.51
10.27
6.69
9.6
10.92
9.51
11.54
11.78
8.6
8.33
7.26

6.04
5.54
6.35
4.46
1.67
1.6
4.85
2.76
4.68
4.89
8.79
7.19
6.16
7.55
3.48
4.77
6.21
6.64
6.02
7.26
6.83
2.81
2.76
4.01
4.51
8.46
3.67
2.14
4.56
11.68
10.89
10.03
3.62
9.94
8.81
6.62
8.12
5.94
5.94
5.66
1.02
3.15
2.6
241
4.22
8.64
6.73
9.12
3.84
8.64
6.28
5.68
7.38
8.36
5.73
7.5
7.52
1.69
5.01
4.27

4.65
2.55
3.03
219
6.19
2.81
3.82
11.18
6.59
3.24
5.2
5.18
4.08
3.74
4.96
221
2.48
217
2.36
5.28
3.05
1.78
3.27
6.35
5.66
5.32
5.13
4.68
4.17
8.05
8.24
6.9
1.95
6.49
6.11
3.53
7.86
3.46
2.19
2.81
1.78
6.97
248
3.01
7.88
9.79
4.8
5.01
2.79
4.32
3.53
4.44
6.42
6.16
1.6
2.79
4.89
231
1.83
1.52

1.57
1.38
1.81
6.57
7.6
4.99
8.96
13.78
11.44
7
1.88
2.48
2.1
5.46
8.1
5.28
6.62
5.08
4.37
2.36
4.96
5.76
6.09
10.7
7.35

7.57
9.41
1.93
5.13
4.77
2.79
6.59
2.29
2.81
2.69
11.78
3.98
7
6.3
5.18
10.63
391
9.46
8.36
9.44
2.69
212
8.21
2.65
2.62
3.72
3.53
2.55
25
2.76
2.6
5.32
3.58
4.15

4.92
4.25
1.62
10.75
7.83
9.77
10.85
14.53
10.27
8.81
2.81
4.56
6.4
10.53
10.03
7.78
11.35
9.62
7.09
4.3
7.74
8.5
12.49
12.28
8.62
4.22
8.55
10.1
3.51
1.38
2.86
4.68
9.75
5.18
391
4.05
11.32

7.52
8.48
10.32
11.18
5.01
8.26
7.83
10.89
1.55
2.57
11.37
3.08
8.19
3.27
3.39
4.01
2.74
6.23
6.19
7.86
5.18
6.8

9.58
6.47
7.76
11.66
6.66
9.1
10.89
14.12
9.94
9.48
4.85
7.45
9.96
10.44
10.46
9.72
11.11
10.49
9.03
7.62
9.41
9.36
12.62
12.54
10.44
7.24
9.91
9.6
2.96
1.67
1.76
6.06
10.13
8.21
6.4
4.39
10.3
10.73
7.9
9.96
11.64
113
5.71

7.12
10.94
291
5.76
11.66
5.03
9.08
5.39
4.15
8.96
5.9
9.34
8.19
8.93
6.8
8.24



11.06
8.33
8.69
12.4
5.59
8.14

11.16

13.28
9.27
9.46
6.78
8.81

10.75

10.25

10.05
9.84
10.3
10.2

10.35
8.72
9.39
9.24

12.28

12.45

10.68
8.64
10.1
9.39
3.34
6.49
8.81
7.67
9.22
9.65
7.57
8.17

11.28

11.32
8.46
8.36
9.39

10.01
6.76
9.12
8.74

12.95
2.29

11.16
7.55
10.8
6.92
4.99
9.48
6.78
9.46
9.27

8.6
7.76
9.05

10.73
8.72
7.93

12.47
5.61

7.4

11.28

11.49
8.57
9.01
7.45
9.29

10.25

12.69
9.79

9.6
9.87
9.41

10.32
7.95
8.91

10.27

10.94
9.94

10.49
9.19
9.15

2.03
7.45
8.69
8.24
9.53
8.98
7.5
7.71
9.75
10.05
7.88
6.23
9.96
9.24
4.1
9.08
10.92
11.04
2.74
8.43
10.39
8.26
9.58
6.28
6.4
8.67
7.48
9.82
9.08
8.21
7.12
9.77

10.68
8

7.9
10.27
6.33
7.95
11.47
9.94
7.43
8.76
7.38
9.98
11.68
9.27
8.19
8.96
8.91
7.38
10.15
7.74
8.19
9.55
9.6
8.96
9.84
7.57
7.95
7.16
133
7.28
9.34
7.93
8.81
7.62
7.62
7.07

9.27
7.76
4.65
7.19
8.07
5.13
7.48
10.8
9.98

4.7
6.95
9.27
7.88
10.8
6.06

7.4
8.14
7.69
8.84
8.17
6.62
6.62
9.44

7.76
11.13
8.31
9.32
7.4
6.19
8.84
8.72
5.85
7.74
7.48
10.3
10.03

7.07
8.48
6.47
8.41
7.76
7.4
831
9.77
8.17
9.03
7.98
6.21
7.4
6.37
7.31
6.85
9.22
7.14
7.93
7.02
5.3
7.43
7.81
8.29
5.78
3.98
7.12
6.8
3.17
5.66
9.77
8.69
6.62
5.16
7.05
6.52
11.78
6.33
6.66
6.11
6.57
8.38
7.26
5.42
5.08
7.76

4.22
9.82

8.36

7.4
2.38
6.19
5.61
5.16
7.26
4.73
9.48
9.98
9.24
6.88

6.8
3.48
8.46
3.79
341

9.05
8.69
6.28
4.49
2.98
5.83
5.06
5.35
2.26
4.99
4.27
2.36
4.05
3.44
1.98
6.16
4.7
3.27
5.71
7.5
3.94
3.72
5.28
9.44
10.63
3.6
291
5.97
6.21
9.82
5.35
6.73
4.17
5.37
6.26
4.27
4.96
43
7.21

4.32
7.28
6.97
8.89
6.78
21
3.96
4.56
5.42
3.31
1.52
7.4
3.6
8.5
3.03
1.24
2.46
2.17
2.67
5.03
5.46
4.3
8.72
4.96
3.29
1.95
4.56
4.77
5.56
2.98
3.05
5.11
3.39
3.77
2.74
1.28
2.84
1.76
0.52
3.44
2.98
3.1
3.1
5.83
6.66
12.54
181
2.46
3.19
25
7.33
53
4.53
3.36
4.82
4.96
2.72
2.46
8.19
9.36

3.15
3.65
43
3.17
7.62
2.07
4.2
181
1.93
3.46
6.78
4.89
4.37
4.2
2.07
1.76
5.51
2.12
3.29
6.76
2.12
2.67
9.32
1.9
4.92
5.11
4.92
3.74
8.03
8.48
8.24
8.14
7.19
6.97
6.3
6.16
43
281
4.1
0.85
31
2.48
3.29
6.62
5.63
11.54
7.07
2.62
2.48
243
2.38
3.96
6.09
341
1.62
3.6
2.55
0.85
4.51
7.26

2.48
2.03
2.48
1.55
4.25
3.79
2.29
0.85
2.57
4.73
6.83
6.76
6.42
3.77
4.2
5.76
7.09
4.27
5.63
7.98
4.7
2.89
9.58
2.69
6.04
8.03
3.03
3.39
10.96
11.13
10.2
9.51
8.03
8.46

8.67
4.92
5.68
7.14
1.81
6.54
1.88
2.69
8
2.62
11.21
9.27
7.31
9.41
7.5
4.51
2.69
7.6
4.87
6.4
7.62
6.04
4.82
3.12
3.51

2.62
2.03
6.37
2.41
131
6.54
4.05
1.47
2.48
6.59
8.76
7.52
8.05
3.89
7.14
7.95
9.24
6.45
7.6
9.17
7.81
2.89
8.84
3.19
7.67
9.12
1.38
3.65
12.07
13
12.64
11.25
10.63
10.13
8.79
9.65
6.88
5.92
6.95
4.65
6.47
2.07
5.25
10.92
3.87
13.5
11.42
9.32
9.91
8.1
2.6
5.18
8.21
6.42
8.29
7.71
8.36
5.94
53
4.39

6.06
7.19
5.16
31
1.07
6.76
4.99
1.64
4.1
10.13
10.18
9.55
8.46
3.51
9.53
9.62
10.87
8.76
8.21
10.68
7.88
14
3.89
3.1
10.58
10.8
231
4.42
12.33
13.5
12.83
12.83
12.69
11.06
10.01
11.61
7.93
7.69
7.24
5.44
6.26
2.1
2.86
8.62
6.3
9.15
12.69
10.3
11.08
9.32
3.27
5.76
9.29
8.79
8.36
8.84
9.84
7.6
5.61
8.41

8.79
6.52
4.68
59
231
7.19
5.06
1.07
6.28
10.68
11.16
10.92
9.39
3.08
8.81
9.48
10.87
9.91
10.15
8.89
7.76
2.26
1.17
4.42
11.61
10.3
3.91
7.98
12.23
13.78
13.64
13.83
13.19
13.05
9.44
12.26
7.93
8.98
6.62
4.58
6.49
5.35
3.7
6.35
7.55
5.06
12.23
10.56
11.06
9.34
3.98
8.76
10.65
10.18
10.27
10.73
12.33
9.03
8.05
7.35

9.41
7.19
4.75
4.82
5.42
8.36
6.23
3.29
6.19
9.44
11.68
12.49
10.63
2.79
8.72
9.87
9.67
8.43
10.96
8.76
6.02
0.71
2.38
7.14
10.08
6.71
6.9
7.45
11.78
14.05
15.27
14.55
13.88
13.78
12.33
13.21
9.53
7.38
8.93
5.66
8.6
2.67
231
7.28
7.09
4.13
9.1
9.6
11.73
9.84
2.79
10.75
10.89
7.57
11.83
10.96
12.8
9.79
9.22
6.52

9.96
891
4.7
5.16
5.99
8.03
6.73
4.63
6.02
10.82
11.92
13.26
11.06
5.87
9.01
10.13
10.2
6.62
11.47
9.77
6.54
0.85
6.33
7.33
10.87
8.72
6.85
9.53
8.41
15.96
17.01
15.51
14.79
13.67
11.87
13.55
9.67
8.64
8.36
4.25
9.36
2.65
3.96
9.89
6.21
4.37
8.86
9.94
11.73
9.58
2.14
12.02
10.85
9.48
11.87
13.12
12.8
9.53
10.01
7.67



3-Jul-04
4-Jul-04
5-Jul-04
6-Jul-04
7-Jul-04
8-Jul-04
9-Jul-04
10-Jul-04
11-Jul-04
12-Jul-04
13-Jul-04
14-Jul-04
15-Jul-04
16-Jul-04
17-Jul-04
18-Jul-04
19-Jul-04
20-Jul-04
21-Jul-04
22-Jul-04
23-Jul-04
24-Jul-04
25-Jul-04
26-Jul-04
27-Jul-04
28-Jul-04
29-Jul-04
30-Jul-04
31-Jul-04
1-Aug-04
2-Aug-04
3-Aug-04
4-Aug-04
5-Aug-04
6-Aug-04
7-Aug-04
8-Aug-04
9-Aug-04
10-Aug-04
11-Aug-04
12-Aug-04
13-Aug-04
14-Aug-04
15-Aug-04
16-Aug-04
17-Aug-04
18-Aug-04
19-Aug-04
20-Aug-04
21-Aug-04
22-Aug-04
23-Aug-04
24-Aug-04
25-Aug-04
26-Aug-04
27-Aug-04
28-Aug-04
29-Aug-04
30-Aug-04
31-Aug-04
1-Sep-04
2-Sep-04
3-Sep-04
4-Sep-04

8.43
4.49
11.35
4.89
7.28
10.61
8.12
11.3
12.21
8.91
6.57
7.5
9.87
11.23
8.53
7.21
10.25
13.5
10.49
9.27
12.16
14.17
14.84
15.39
12.85
12.52
11.64
13.28
10.82
10.46
7.43
9.24
11.97
13.16
9.79
11.87
12.21
3.29
6.85
2.33
9.7
7.48
8.5
10.3
12.28
11.49
9.77
8.12
7.86
7.88
12.57
10.99
8.62
8.31
11.56
9.98
12.28
10.27
9.62
12.37
7.26
9.39
11.85
11.87

6.71
9.91
8.84
8.03
10.32
8.19
11.35
11.71
9.98
6.52
7.16
9.15
11.47
7.83
7.5
11.73
13.26
11.75
8.62
14.34
15.34
14.46
15.53
12.52
12.59
11.39
12.95
10.13
9.84
8.69
9.84
12.42
14.12
11.97
13.38
11.75
1.35
3.08
6.19
8.67
9.34
9.75
10.87
12.21
11.42
10.37
9.08
5.8
10.22
11.9
10.35
8.93
8.91
12.35
9.84
13.09
9.65
8.46
12.9
9.29
11.32
11.87
12.66

7.95
7.57
9.29
7.48
9.03
9.51
8.29
11.68
11.23
10.92
7.78
7.12
6.69
11.32
8.26
4.25
11.47
12.28
12.02
8.36
14.05
1551
14.05
12.8
12.4
11.18
11.97
13.81
9.58
6.59
8.96
10.65
12.19
14.19
12.69
13.69
11.92
241
3.01
539
8.14
10.08
11.18
11.47
13.57
10.61
10.96
9.89
4.08
11.83
12.47
11.51
9.34
10.39
11.71
9.01
12.19
8.93
9.24
13.19
8.62
12.3
12.88
12.85

7.74
7.48
9.53
6.28
8.76
9.53
9.77
13.62
10.46
11.3
8.84
6.9
7.81
12.07
7.76
3.27
12.71
11.47
12.83
7.21
14.5
14.53
13.52
14.03
11.99
10.82
12.21
13.78
11.35
7.6
8.98
10.85
11.61
13.86
13.23
12.76
12.69
4.15
7.14
4.58
9.58
11.28
11.85
9.98
13.35
9.55
11.54
9.67
4.39
13.14
13.21
11.06
9.53
9.19
12.26
6.64
11.92
10.85
10.13
13.83
9.39
11.75
12.76
13.23

7.69
6.76
9.75
7.98
8.07
9.24
10.68
14.86
9.89
10.96
8.84
6.57
6.49
11.64
9.27
2.53
11.06
12.11
12.19
9.91
15.01
14.26
13.31
12.71
11.49
10.85
11.42
12.19
11.01
8.6
9.39
10.99
11.08
11.49
11.97
13.33
9.46
9.24
6.09
3.65
10.15
10.58
10.87
9.36
11.35
8.05
10.85
10.22
4.25
11.23
10.94
9.6
9.03
8.89
10.08

10.99
10.08

7.83
11.47

8.86
10.08
11.06
11.04

6.04
5.76
7.43
7.71
7.12
6.83
8.72
12.16
7.6
7.6

3.72
4.73
8.79
7.24
1.98
9.34
11.51
8.91
7.55
11.64
12.54
10.87
9.96
9.53
9.34
10.2
10.05
7.52
3.77
6.62
8.62
8.38
5.92
9.58
11.06

5.63

21
3.79
4.44
8.03
8.62
6.62
8.96

5.8
7.12
7.76
4.94
7.38
8.12
7.48
5.63
6.78
5.42
5.56
5.76
7.43
4.89
7.07
4.42
6.78
8.26
7.38

3.44
2.14
3.51
4.75
3.34
2,57
3.72
9.55
4.42
439
3.79
243
2.79
4.1
4.87
2.96
6.76
7.64
5.97
5.85
8.64
8.19
7.93
5.87
6.09
6.49
6.37
5.83
3.03
1.71
2.38
3.36
5.63
3.79
5.87
6.23
31
3.22
5.49
12.26
1.69
3.15
5.56
4.03
5.06
2.89
4.08
4.22
3.79
5.16
3.6
3.72
3.24
4.6
217
2.57
2.46
4.25
2.24
2.81
3.27
2.5
4.63
2.07

248
2.89
6.95
3.1
3.6
7.12
4.82
6.42
2.46
214
6.21
10.78
4.75
224
2.6
4.49
3.24
3.77
2.43
4.3
5.76
3.72
4.32
1.69
2.03
233

1.6
2.29
6.23
5.78
1.81
291

4.7
2.72

4.1
3.89
2.05
7.95

14.77
5.44

53
243
1.81
221
1.88
3.39
3.53
2.38

21
2.38
221
217
233

3.7
7.67
437

3.7
3.15
4.53
8.89

4.1
233
2.84

4.96
7.33
11.42
6.4
6.73
7.78
7.5
3.48
4.65
5.92
12.66
11.9
6.42
4.96
6.62
6.19
221
1.76
391
2.07
3.29
1.69
16
7.28
4.22
3.46
4.44
6.54
6.62
6.59
9.03
6.49
1.98
6.71
3.05
243
7.88
5.61
11.11
15.37
8.76
10.03
5.06
4.01
8.98
4.94
5.61
7.52
4.22
4.68
5.18
4.05
8.36
4.6
8.14
8.96
9.27
7.57
8.79
8.1
10.35
7.19
4.8
7.83

9.44
8.21
11.13
10.39
8.67
8.86
9.62
1.74
7.76
9.91
12.19
12.35
7.69
8.17
8.6
9.82
1.76
6.71
7.86
3.6
233
5.61
1.24
8.93
7.5
9.12
6.06
10.18
9.12
9.36
10.35
9.53
4.89
9.27

2.72
9.7
9.19
12.42
14.74
9.75
9.87
9.08
5.35
8.33
6.92
7.64
10.78
6.97
8.03
7.88
6.42
9.32
8.43
11.35
10.18
9.22
10.03
12.42
10.44
10.87
8.76
7.81
10.03

11.83
8.6
11.39
11.42
8.07
9.67
8.38
2.5
10.56
9.87
12.85
14.81
9.08
9.36
9.27
10.3
3.39
10.42
8.55
5.83
3.94
9.51
9.39
9.32
9.34
10.58
5.99
8.72
9.65
10.44
10.99
10.18
5.49
7.9
10.03
8.5
10.56
9.79
13.16
14.05
10.44
10.32
9.62
7.19
8.76
7.88
6.8
12.52
9.41
9.79
7.86
8.29
9.72
10.44
11.97
10.78
10.01
9.87
11.99
10.49
11.49
7.74
8.64
10.75



12.73
7.48
12.16
11.11
7.38
10.13
8.33
4.53
11.73
10.65
11.94
14.03
9.53
9.67
9.27
10.15
5.49
10.22
7.05
6.83
6.64
10.32
9.41
10.2
9.79
10.18
7.88
7.81
9.22
11.54
11.08
9.96
7.26
8.07
9.7
10.01
10.65
10.27
14.14
12.9
11.04
10.63
9.62
7.6
9.67
7.95
6.66
12.83
9.7
9.58
7.95
10.32
9.34
10.94
11.99
85
10.51
11.3
10.89
123
11.37
7.62
9.62
11.56

11.99
7.28
11.47
9.39
8.91
9.87
7.74
5.83
9.75
10.46
10.87
13.83
10.13
10.58
9.62
9.27
6.37
8.98
6.35
7.86
8.33
9.98
9.62
10.73
9.34
9.03
6.88
8.03
10.35
10.13
10.46
9.39
8.03
7.64
8.31
9.87
10.15
7.86
14.38
13.45
11.21
9.67
8.84
7.43
9.24
7.64
7.67
11.39
9.65
10.08
7.76
11.23
8.86
11.44
12.14
7.83
10.94
11.32
10.37
11.39
11.25

10.25
11.49

10.8
7.4
11.04
8.76
8.6
9.12
7.78

8.79
8.86
10.13
11.78
10.03
8.93
9.67
8.38
5.78
6.59
5.76
6.62
9.65
9.46
9.75
9.79
9.01
8.21
6.9
7.69
9.34
8.5
9.34
9.01
7.74
7.07
7.5
9.87
9.41
7.83
10.8
11.13
10.61
9.67
8.17
7.74
8.21
7.5
833
9.75
9.08
10.42
8.19
11.16
8.38
11.47
11.37
8.53
10.46
10.51
10.46
11.23
9.27
8.53
10.35
10.68

9.77
5.61
8.98
9.98
9.53

9.08
7.28
7.88
9.32

9.17
7.62
7.74
7.55
7.24
5.61
5.16
5.39
5.16
10.18
8.19
10.25
7.24
8.41
8.19
8.53
7.35
9.29
6.26
8.74
8.41
8.72
6.9
7.07
10.25
8.53
7.35
5.92
11.66
8.91
9.67

6.95
8.72
8.69
7.62
10.94
9.53
9.98
7.83
10.08
7.48
10.46
11.68
6.95
11.16
11.44
7.88
9.17
6.73
8.76
8.93
10.27

8.48
4.46
9.53
10.05
351
9.46
6.69
4.56
5.61
9.29
6.57
831
5.99
5.06
6.16
8.05
3.96
3.89
3.89
3.27
8.14
6.66
8.21
3.36
6.95
4.77
6.42
10.51
7.33
4.87
7.9
7.24
6.64
6.42
8.12
10.25
6.35
5.11
2.6
10.68
7.57
7.5
5.37
5.01
7.55
10.78
7.31
9.55
6.8
7.76
6.64
10.27
7.69
10.15
8.12
4.75
12.3
8.81
5.37
6.4
5.8
7.93
8.43
9.51

7.24
4.85
10.18
8.89
3.82
8.33
4.46
3.01
5.18
7.38
4.82
2.84
3.01
3.94
3.82
8.36
2.05
3.27
1.88
1.02
5.2
5.42
3.29
1.93
2.67
1.45
3.44
7.35
331
1.67
2.91
4.63
5.76
5.63
5.46
7.78
3.19
4.1
2.33
6.26
6.88
5.49
5.06
6.64
4.25
7.5
6.4
9.89
4.03
5.35
437
8.29
7.83
3.46
6.35
41
4.73
6.71
6.21
7.16
6.57
6.49
7.93
8.6

5.54
4.13
8.38
4.13
5.03
6.78
4.89
4.27
3.67
4.01
1.47

4.2
131
3.74
4.03
6.85
4.73

43

3.1
451
117
2.36
4.08
4.17
3.27
3.24
5.11
451
2.24
1.26
2.38
1.83
4.49
4.22
2.14
1.86
1.93
5.11
3.87
5.85
6.14
2.81
3.46
6.19
4.03
6.76

4.8
4.87
291
1.52

2.6

5.9

4.2
3.03
3.29
3.79
2.81
3.27
3.58
6.37
5.06
2.65
3.15
5.39

1.74
6.14
4.15
1.09
5.66
1.78
6.97
9.72
2
2.96
2.24
1.57
4.53
3.24
1.57
3.53
7.35
4.96
6.52
9.17
6.21
5.78
6.52
7.31
5.56
4.94
7.67
4.82
5.11
331
6.8
5.51
4.99
7.83
5.28
2.67
4.44
5.61
5.06
5.71
1.9
3.65
4.49
3.58
5.13
5.01
3.51
2.74
4.94
4.96
5.61
3.79
1.45
6.09
3.39
291
1.93
3.15
4.51
3.29
0.95
331
4.75
3.29

1.24
7.62
19
3.96
7.83
1.38
8.5
10.58
2.98
3.7
5.37
3.22
8.29
6.49
4.08
2.76
9.94
6.88
7.28
9.22
8.1
6.92

8.96
6.97
6.92
7.71
6.33

7.4

6.9
7.95
7.35
434
8.26
6.59
5.87
331
1.45
2.07
3.19
391
6.06
6.11

3.6
7.76
2.72
5.32
3.41
5.83
5.99
7.67
2.98
391
6.11
4.58
4.32
5.97

4.6
5.25
2.29
5.18
7.31
6.35
5.73

4.82
9.32
3.62
6.52
9.27
4.89
9.79
12.54
59
3.05
6.04
4.56
8.69
7.62
4.77
6.64
10.13
9.12
9.27
11.23
10.51
9.77
10.53
10.85
8.41
9.48
9.51
6.57
7.95
9.29
6.09
85
6.4
9.84
8.1
7.55
7
1.98
3.08
5.03
6.62
6.59
7.45
5.28
7.52
439
6.85
3.36
7.26
7.21
7.98
4.56
434
6.83
5.11
6.8
5.01
5.23
6.92
3.34
5.35
8.67
6.37
6.83

6.47
10.61
135
7.86
9.79
6.66
9.72
129

217

6.66
10.27
7.78
5.35
6.59
11.9
9.91
9.7
11.35
11.92
11.85
12.59
11.37
9.94
10.27
10.2
8.36
9.96
8.43
7.95
9.24
8.43
10.94
9.65
10.25
10.03
52
4.22
7.16
7.26
7.62
9.27
6.28
7.86
5.46
5.73
3.62
7.81
9.39
9.7
3.82
6.64
6.52
8.43
8.12
5.87
7.62
9.01
5.92
5.42
10.3
8.6
6.8

6.26
11.16
2.07
8.41
9.39
8.1
1111
12.52
8.64
3.72
7.19
7.45
10.49
9.65
5.78
6.28
13.33
10.1
1111
10.8
12.02
13.33
14.55
11.94
10.58
11.23
11.25
9.84
10.37
8.81

11.28
10.94
9.67
11.8
12.16
10.89
6.47
4.63
8.36
8.19
831
10.82
9.89
9.36
7.02
9.08
3.87
8.55
9.91
10.63
5.78
7.12
8.62
9.53
9.55
9.03
8.43
10.03
8.33
5.87
10.65
10.27
9.17

7.33
11.78
3.19
7.81
9.41
7.57
11.8
11.83
7.74
6.06
7.28
7.12
10.87
9.91
7.74
7.26
12.76
113
10.39
10.89
12.83
13.64
15.22
11.51
12.28
12.02
12.66
10.03
10.7
8.1
9.6
10.96
12.62
10.73
11.9
12.54
6.64
7.4
5.63
8.03
7.12
8.12
10.15
11.28
11.37
9.32
9.22
2.41
7.45
11.51
10.65
9.22
8.96
10.61
10.35
11.18
10.18
8.74
11.01
8.81
6.02
11.42
11.42
9.65



5-Sep-04
6-Sep-04
7-Sep-04
8-Sep-04
9-Sep-04
10-Sep-04
11-Sep-04
12-Sep-04
13-Sep-04
14-Sep-04
15-Sep-04
16-Sep-04
17-Sep-04
18-Sep-04
19-Sep-04
20-Sep-04
21-Sep-04
22-Sep-04
23-Sep-04
24-Sep-04
25-Sep-04
26-Sep-04
27-Sep-04
28-Sep-04
29-Sep-04
30-Sep-04
1-Oct-04
2-Oct-04
3-Oct-04
4-Oct-04
5-Oct-04
6-Oct-04
7-Oct-04
8-Oct-04
9-Oct-04
10-Oct-04
11-Oct-04
12-Oct-04
13-Oct-04
14-Oct-04
15-Oct-04
16-Oct-04
17-Oct-04
18-Oct-04
19-Oct-04
20-Oct-04
21-Oct-04
22-Oct-04
23-Oct-04
24-Oct-04
25-Oct-04
26-Oct-04
27-Oct-04
28-Oct-04
29-Oct-04
30-Oct-04
31-Oct-04
1-Nov-04
2-Nov-04
3-Nov-04
4-Nov-04

10.51
9.55
11.9
7.07
8.81
8.29
9.51

7.5
8.29
8.24
8.38
9.36

10.82

11.39
9.41

12.42

10.78
6.85
5.73

10.78
6.26
9.84
1.71
4.96
7.76
5.01
8.46
8.67
8.24

10.25
9.44
6.71

6.49
9.6
7.78
8.48
8.17
10.42
8.21
7.64
7.81
8.57
8.21
10.63
10.89
6.14
5.39
8.19
8.72
9.94
6.92
9.53
5.71
6.47
8.86

9.34
9.51
7.35
8.64

11.32
8.86
12.37
9.65
9.98
10.1
6.78
6.47
7.62
7.31
6.57
10.49
9.15
12.45
11.06
12.47
11.13
7.88
6.3
10.13
7.67
10.65
4.49
6.9
7.38
5.94
10.51
9.75
8.64
11.85
9.44
7.26

8.03
10.25
8.17
9.87
7.6
10.1
8.62
8.17
7.21
8.84
9.34
11.85
11.21
6.4
5.94
9.75
9.32
11.49
8.43
10.58
8.14
7.26
9.87
9.36
9.84
9.7
7.62
8.1

11.11
10.99
13.45
10.63
9.82
9.96
9.15
8.29
6.71
8.93
2.72
11.47
10.32
12.37
9.65
12.95
11.61
8.62
7.19
11.64
9.62
9.7
9.08
5.9
5.97
4.7
11.08
10.56
9.01
11.99
12.26
5.68
7.45
9.19
11.28
7.93
10.82
5.54
10.05
9.19
10.22
8.64
9.55
9.03
12.23
9.94
9.75
7.21
10.61
9.82
10.99
8.86
11.13
8.79
7.9
9.7
10.78
10.75
10.2
8.72
8.29

11.23
11.66
12.76
9.82
9.84
9.53
10.61
10.13
5.51
9.98
3.72
10.8
11.32
12.47
10.7
13.93
10.99
8.96
8.19
11.28
10.3
9.17
7.14
5.73
8.81
6.88
10.53
10.8
10.08
11.99
12.02
5.3
7.64
9.7
10.58
7.83
10.85
7.16
9.44
9.91
9.22
8.38
8.64
8.79
11.66
10.53
8.53
7.62
9.87
10.42
10.46
9.15
10.53
7.24
6.69
8.43
9.15
10.2
7.64
8.43
8.29

9.24
9.44
10.51
8.69
8.74
7.98
6.19
6.69
2.98
6.8
4.37
8.5
8.69
10.56
8.36
11.01
9.1
6.57
6.33
8.48
8.43
8.1
5.61
6.19
6.73
5.11
7.64
7.09
8.29
8.96
4.08
5.2
5.66
6.37
6.92
3.65
6.78
5.37
6.64

6.85
4.87
6.54
6.73
8.29
6.95
6.37
5.13
6.73
7.19
8.26
6.92
8.67
6.88
4.68
6.47
6.83
7.81
5.85
5.97
6.37

6.57
6.69
6.71
3.84
6.19
5.25
2.74

2.6
2.89
2.76
2.89
6.26
5.46
7.05
6.33

6.8
6.49
3.34
3.51
6.85
5.85

3.05
231
4.13
3.46
4.15

3.7

5.8
5.28
6.02
1.93
2.14
4.08

21
0.54
3.19
1.86

1.9

4.1
2.72
1.74
4.15
2.26
4.17
341
1.45
241
2.98
4.32
4.77

4.8

53
3.77
2.57
3.08
4.25
3.72
2.38
3.17
3.44

3.15
5.28
3.12

21
2.62
3.36
241
2.84
2,93
3.44
2.46
3.29
2.57

31
3.34
3.98
2.57
1.38
2.96
3.44
293
3.01
1.81
2.62
1.12

4.2
2.53
2.03
3.22
2.81

9.6
2.03
3.58
1.78

1.9
3.05
3.98
4.77
3.89
157
1.12
4.46
1.69
5.03

3.6
1.19
5.97
1.74
3.98
1.88
2.38
2.81
233
2.67
2.57
2.14
2.89
1.45

2.5
217

21

434
2.81

5.99
2.62
21
6.92
6.69
5.13
6.52
6.14
331
2.69
5.13
1.6
2.69
217
248
1.67
2.57
2.19
7.28
2.55
6.59
3.87
7.95
3.03
5.42
2.05
1.93
10.25
5.68
7.43
4.01
6.52
7.02
8.38
7.88

7.38
417
6.73
3.19
8.05

7.5
6.76
10.2
4.94

7.4
4.75
5.46
4.68
4.03
4.51
5.92
7.28
7.02
3.22
5.42
7.21
7.35

9.29
2.36
5.18
8.67
4.63
52
9.48
8.81
5.71
9.19
8.62
7.9
5.03
9.05
4.85
2.57
4.6
5.76
4.85
4.01
2.29
10.53
43
9.15
9.55
10.61
5.35
8.89
3.94
8.24
12.04
9.51
8.53
7.69
9.48
8.96
10.2
9.29
9.55
9.58
8.26
8.79
6.62
10.46
9.51
10.42
11.04
8.33
9.24
8.31
9.39
7.05
6.9
5.97
9.96
10.32
9.44
7.26
9.12
10.94
10.94

11.47
4.63
10.18
10.22
8.33
9.82
10.65
11.06
6.37
12.02
10.75
10.94
6.85
9.77
7.9
4.96
8.36

6.9
6.52
5.78

10.35
5.71
10.96
11.44
10.44
8.74
10.46
6.02
12.09
12.85
9.91
10.44
8.6
10.89
9.82
10.18
10.92
9.91
10.56
11.06
11.04
9.51
10.82
9.24
11.16
12.28
11.08
10.37
9.75
11.56
9.17
9.77
8.84
10.61
12.35
10.89
10.78
10.39
11.71
12.45

10.96
6.33
12.04
11.59
10.51
10.03
11.39
11.21
8.89
11.99
11.37
11.23
8.96
10.15
9.08
9.12
10.35
9.62
8.05
7.4
9.36
10.27
8.91
12.16
11.3
10.94
10.51
10.92
7.12
12.35
13.19
10.68
11.28
9.17
12.26
10.3
10.89
11.56
10.89
10.65
11.71
10.68
11.68
11.42
9.12
11.71
13.16
11.51
10.18
9.6
11.49
9.67
11.11
10.08
10.27
11.47
10.63
12.11
11.21
12.11
11.85



10.35

7.88
12.04
11.85
10.03
10.63
10.94
10.42

9.51
11.64
11.71
11.94
10.03
10.94
10.18
10.49

9.91
10.63

8.89

8.64
11.73

9.75
10.15

11.3
10.39
10.85
10.37
11.23

7.83
12.66
13.38
10.92
12.92

9.01
12.54
10.63
11.68
12.14
11.11
11.35
12.28
10.53
12.14
11.94

9.27

12.3
12.66

11.9
10.25

9.29
10.96
10.42
11.23
11.06
10.94
10.75

9.79

11.9
11.92
12.07
11.99

9.44
8.5
11.87
11.85
9.55
10.37
9.1
10.56
10.8
12.83
11.28
12.64
9.7
10.51
10.05
9.44
10.13
9.84
9.53
8.98
11.97
11.04
10.96
11.11
10.82
9.94
10.92
11.64
8.72
13.74
13.26
11.59
12.59
8.57
11.28
11.25
11.83
12.42
11.21
11.37
12.3
10.51
11.99
11.8
9.65
12.09
12.14
11.71
11.56
9.39
10.92
10.56
11.16
11.28
9.89
11.06
9.62
12.14
11.97
11.85
12.47

10.05
9.53
12.54
10.44
9.62
9.89

9.79
10.73
13.09
11.87
12.26

9.58

9.53

9.72

9.36
10.42
10.22

9.41

8.96
11.54

10.1
12.59
12.37
10.46

8.72
13.02
11.16

8.57
14.55

11.8

10.8
11.54

9.46
13.14
10.63
12.35
11.78
10.78
10.75
12.21
10.53
12.07
11.25

9.98
13.52
11.18
12.73
11.18

9.1
12.02
10.58
10.51
11.23

8.74
10.65

9.94
14.81
11.16
12.66
14.31

8.76
9.27
11.23
8.72
9.22
8.6
8.24
9.87
9.29
12.49
11.97
9.58
9.96
10.87
9.98
11.39
11.61
12.33
10.78

12.8
8.17
9.7
13.52
11.64
8.21
14.79
12.04
8.93
11.44
9.75
11.06
7.4
11.71
11.54
12.19
12.64
11.23
10.08
8.91
13.43
12.09
12.88
11.8
13.12
12.26
12.54
12.92
12.04
8.55
11.54
10.68
11.66
11.71
7.64
10.53
11.73
13.78
12.78
12.69
12.95

6.57
9.32
10.35
9.77
9.44
9.15
8.33
10.65
7.83
11.16
7
7.28
9.27
9.39
9.34
11.25
9.79
12.8
10.7
7.9
9.46
5.44
7.21
10.87
10.75
8.57
10.27
10.82
8.33
10.1
8.29
8.46
5.13
10.3
9.58
10.18
11.56
10.01
10.18
8.17
10.8
12.26
12.45
10.32
11.78
9.55
11.21
10.35
11.83
11.99
11.73
10.82
10.46
9.87
8.96
9.22
10.99
11.35
13.02
11.32
10.8

7.02
6.3
9.17
7.48
8.57
8.03
7.12
9.17
331
10.75
1.55
6.23
6.3
7.83
6.3
7.81
6.57
9.84
9.82
7.35
7.33
2.72
6.11
8.36
9.03
6.73
7.52
8.74
8.17
7.6
10.99
6.04
5.97
9.41
8.55
8.33

8.24
8.93
11.78
7.55
8.81
5.63
6.92
8.64
8.74
10.05
9.17
6.95
8.03
6.64
8.19
8.38
7.76
9.53
8.31
7.81
9.34
11.59
9.24
8.43

6.59
1.35
4.15
2.81
4.25
4.05

4.27
3.89
10.99
1.14
4.46
0.87
4.42
4.46
4.25
5.32

31
4.22
1.86
4.73
731
9.05
7.12
3.82
5.49
2.69

25

10.03

3.6
4.42
6.97
6.06
4.63
5.03
5.44
6.57
9.15
4.85
7.35
4.82
4.68

5.3
5.11

6.4
551
4.68

6.8
4.92
4.75
6.76
5.66
6.78
7.12
5.23
7.74
9.84
5.78
6.19

3.12
3.12
0.92
1.12

1.4

2.6
2.81
2.53
2.05
7.48
3.58
2.41
437

2.1
5.71
3.82

2.6
6.57
1.69
4.25
3.58
7.78
437
4.51
7.07
3.82
2.69
2.41
3.34

2.1

7.4

0.8
2.57
3.74
1.52
2.46
1.28
3.29
3.46
4.15
1.47
2.17
3.17
1.71
3.19
2.24
5.54
2.79
1.69
437

3.1
2.03
2.19
5.18
5.18
2.53
2.26
2.48
7.74
4.63
2.84

434
5.94
5.16
3.94
0.69
394
4.05
2.36
5.35
5.99
5.61
4.15
5.37
3.98
6.33
6.62
2.36
171
5.87

5.8
2.96
9.15
2.03
243
3.72
3.44
4.63
3.55

53

2.1
4.27
2.43
3.19
3.17
2.86
1.45
5.99
4.22
1.26
2.14
2.05
2.41
2.65

4.3
5.94
131
3.89
3.01
4.87
2.57
4.49
4.87
2.05
3.46
2.03
2.26

4.7

2.6
5.97
3.05
231

5.35

6.9
6.02
5.32
3.82
5.18

59
5.32
6.28
2.55
7.24
5.54
7.55
6.04
6.59
6.62
451
1.33
5.54
7.16
1.93
7.86
0.78
4.46
4.08
4.05
5.25

4.2
5.32
5.44
2.38
3.87
2.93

4.1
4.58
4.25
5.32
4.63

2.6
3.77
4.96
5.51
2.84
4.03
5.76
4.42
4.49
6.14
5.06
4.92
4.17
4.39
6.09
2.29
4.51
4.96
5.59
4.32
2.96

3.6
1.38

7.98
8.69
7.48
6.88
4.51
6.11
6.85
6.95
8.07
3.58
9.75
6.95
9.08
5.73
9.24
7.78
6.97
4.56
7.16
8.29
2.05
6.42
4.01
4.53

4.2
5.85
6.04
4.63

8.43
5.03

4.8
1.57
5.25
5.59
4.32
5.39
5.99
4.37
4.22
6.21
5.46
3.29
5.66
7.14
6.62
4.63
7.48

7.4
5.83
5.99
6.71

6.8
4.25
5.28
5.54
7.14
5.87
3.62
5.01

4.8

9.27
10.13
8.81
7.74
6.59
8.43
6.47
7.21
8.55
7.62
9.36
7.78
9.41
8.69
10.78
9.24
5.87
3.98
9.96
8.43
5.68
2.65
6.04
4.6
3.94
6.26
7.57
4.89
7.57
7.98
5.37
7.09
5.37
6.78
6.23
6.09
7.05
6.71
7.5
6.88
6.52
551
7.38
8.21
8.62
6.33
6.37
7.31
7.16
7.02
7.9
7.88
6.9
5.56
6.64
7.67
8.76
6.76
5.54
5.94
5.44

B-10

10.1
11.01
7.33
8.1
7.64
10.22
6.14
7.64
8.36
9.1
9.55
9.7
10.8
8.98
11.73
10.58
5.99
6.4
10.25
7.62
8.55
3.84
5.16
7.21
4.92
6.45
7.76
7.57
9.41
8.55
5.39
7.43
4.94
7.9
7.09
7.02

8.33
8.05
7.07
7.26
6.69
6.66
9.72
9.94
7.02

5.8
8.26
7.45
9.05
8.62
8.41
5.42
5.92
9.12
7.57
9.29

7.5
5.42
7.35
5.16



5-Nov-04

6-Nov-04

7-Nov-04

8-Nov-04

9-Nov-04
10-Nov-04
11-Nov-04
12-Nov-04
13-Nov-04
14-Nov-04
15-Nov-04
16-Nov-04
17-Nov-04
18-Nov-04
19-Nov-04
20-Nov-04
21-Nov-04
22-Nov-04
23-Nov-04
24-Nov-04
25-Nov-04
26-Nov-04
27-Nov-04
28-Nov-04
29-Nov-04
30-Nov-04

1-Dec-04

2-Dec-04

3-Dec-04

4-Dec-04

5-Dec-04

6-Dec-04

7-Dec-04

8-Dec-04

9-Dec-04
10-Dec-04
11-Dec-04
12-Dec-04
13-Dec-04
14-Dec-04
15-Dec-04
16-Dec-04
17-Dec-04
18-Dec-04
19-Dec-04
20-Dec-04
21-Dec-04
22-Dec-04
23-Dec-04
24-Dec-04
25-Dec-04
26-Dec-04
27-Dec-04
28-Dec-04
29-Dec-04
30-Dec-04

6.14
7.93
8.38
8.6
8.24
7.14
7.55
9.89
5.92
6.49
6.52
7.48
8.24
6.59
8.53
8.46
9.24
5.51
6.95
9.72
10.73
9.15
10.37
9.44
2.48
2.19
3.39
5.97
7.09
3.72
4.68
4.32
4.34
6.3
5.71
4.96
53
3.6
1.28
1.45
2.65
7.38
3.87
5.8
3.08
8.46
5.61
6.49
5.8
1.88
4.03
7.67
7.81
6.37
4.08
5.9

7.35
7.71
7.21
8.6
9.53
6.19
8.26
12.35
8.69
7.64
8.64
4.96
7.07
6.59
9.53
9.77
9.75
6.14
7.43
10.56
10.96
10.37
10.75
6.16
3.62
3.98
293
2.72
3.03
3.12
221
293
3.44
3.84
2.03
1.9
4.82
1.33
1.67
2.26
0.85
6.54
4.44
3.15
1.38
5.63
2.81
3.79
5.68
1.07
241
6.04
5.08
5.71
1.74
2.33

6.4
7.9
8.6

9.46
8.29
494
10.94
12.26
9.62
7.71
9.41
415
451
6.4
9.15
8.81
9.6
6.69
8.07

11.08

11.42

10.51

11.51

489
5.94
5.08
5.49

46
2.76
2.84
437
494
475
473
2.03
4385
5.49
5.56
4.42

41
2.19
3.94
1.76
331
331
3.24
1.74
3.84

a7
437

241
2.05
4.2
2.86
2.5

4.44
8.62
8.5
9.29
8.79
5.71
10.58
11.3
9.1
8.72
7.71
3.82
6.3
6.64
8.36
7.62
8.53
6.9
8.57
11.61
10.87
10.32
9.72
5.35
6.06
6.54
5.18
6.04
5.08
4.6
4.51
5.61
4.53
4.73
3.24
5.35
4.87
5.35
6.19
112
5.51
3.12
2.24
4.39
5.42
2.76
434
4.75
2.48
5.66
4.42
2.26
2.38
2.1
221
4.08

1.95
5.87
6.73
6.97
4.75
5.94
7.67
9.41
6.73
6.35
5.94

0.8
4.22
6.14
6.64
3.94
6.71
5.63
6.35
9.48

7.4
7.48
2.93

5.8

7.6
7.45
5.61
7.28

5.9
4.85
6.21
6.85
5.97
5.25
4.58
7.14
5.32
6.97
7.14
2.81
6.66
2.53

5.8
5.28
6.23
3.27
4.13
3.48
3.01
6.26
4.77
2.89
3.03
3.27
3.65
5.11

2.29
2.26
2.62
241
2.24
241
3.77
5.56
3.53
4.05
3.19
241
2.55
5.39
2.57
1.83

4.1
3.82
4.34
6.28
3.24
3.46

3.6
6.95
7.86
7.93
8.12
8.41

6.02
6.62
8.07
8.05
6.45
5.28
8.03
7.83
8.17
8.26
5.73
5.99
3.89

5.2
6.95
7.88
6.02

4.6
3.24
2.79
5.71
5.61
4.85
3.82
3.67
4.87
5.54

5.37
4.42

3.6
1.24
1.52
2,98
1.74
2.55
331
2.53
3.29
9.32
6.52

4.1
3.17
3.22
2.29
3.29
1.81
2.46
1.52

21
5.94
6.26
8.74
6.85
7.98
8.89
8.79
6.52
7.78
8.07
7.02
6.57
6.19
9.01
7.62
9.44
7.93
6.92
5.46
7.64
5.56

7.6
7.78
6.76
5.39
4.08
4.77
5.37

6.4

6.4
4.27
4.49
5.76

6.9

8.26
9.51
7.62
4.87
4.1
7.67
5.59
4.94
7.33
8.19
7.55
14.53
9.44
1.64
9.44
4.99
5.97
7.45
5.54
2.07
2.07
5.39
7.93
7.88
11.16
7.93
8.79
8.5
9.72
7.57
6.52
7.19
5.49
6.83
7.52
8.76
9.29
10.15
6.09
6.52
5.37
6.64
5.25
731
7.62
7.33
4.87
4.87
5.08
4.42
7.02
6.73
437
5.76
6.45
6.35

9.44
12.14
10.63

9.79

9.51

8.86

9.82

7.05

9.05

11.3
10.75
13.38
12.14

341
10.94

7.93

9.75
12.69

9.94

4.96

7.76

8.74

9.08

6.9
11.37

9.12
10.78

8.14

9.51

8.64

6.06

7.88

5.49

7.98

7.76
10.44
10.68
10.25

6.37

5.83

5.8

6.19

5.01

7.14

9.44

8

6.11

5.35

5.68

4.13

7.38

5.23

5.03

7.21

7.33

6.28

10.65
12.78
11.44
11.37
11.66
10.39
11.71
8.03
11.01
12.97
10.94
12.59
14.67
8.12
11.83
11.83
12.69
13.21
10.65
8.72
8.43
9.67
10.01
5.16
10.8
9.82
9.1
8.62
9.32
7.57
5.54
8.81
6.78
7.4
5.54
8.98
11.21
10.15
8.24
6.85
5.32
5.8
6.19
7.86
8.74
7.55
7.07
5.46
6.3
3.89
6.9
2.6
5.11
6.35
8.53
7.16

B-11

10.78
13.28
12.14
12.07
11.42
11.08
11.28
9.44
11.66
14
10.82
12.78
14.89
10.46
11.23
12.23
12.88
12.57
11.51
9.12
9.77
10.2
12.57
4.34
7.38
6.06
6.42
5.56
6.54
4.7
5.92
7.09
5.51
3.96
2.38
6.73
8.89
8.98
6.09
5.2
5.28
4.77
5.23
6.3
5.51
4.92
4.6
4.13
5.54
3.79
5.01
0.83
3.7
4.73
5.83
5.49



10.73
12.85
11.66
12.47
11.54
10.53
10.8
10.89
11.83
13.71
11.23
11.85
11.94
10.15
11.28
11.54
12.64
12.95
11.73
9.77
9.82
11.25
2.26
2.65
4.63
2.36
2.38
2.26
2.38
1.57
2.29
3.46
2.48
1.4
0.83
3.36
5.35
5.73
2.26
217
3.24

1.74
2.43

2.98
1.78
1.64
3.77
2.26
2.19
4.53
2.33
2.19
3.12
291

11.85
12.59
12.16
13
12.19
11.64
11.01
11.75
12.95
14.05
11.73
10.8
11.54
9.7
12.07
11.75
12.59
12.23
11.9
10.18
9.87
11.61
1.6
6.28
2.86
3.58
1.38
7.38
2.48
2.69
217
2.74
2.57
5.13
3.62
1.64
2.48
2.79
2.24
5.61
4.01
2.86
4.34
2.07
243
1.9
21
131
1.6
4.03
2.36
6.64
1.64
1.64
2.03
1.67

12.42
12.47
11.51
11.85
13.69
11.61
10.78
11.73
13
12.88
11.59
9.75
10.82
8.41
12.23
12.21
11.06
10.82
11.42
10.08
9.22
12.07
551
9.67
1.78
8.1
5.13
10.46
7.67
6.62
6.64
9.48
7.16
8.07
7.33
5.63
2.89
5.03
8.17
9.08
7.95
8.03
8.67
6.26
4.92
2.84
3.19
5.63
0.78
6.47
7.55
8.91
4.75
3.91
351
4.96

11.13
11.73
10.58
13.76
14.67
11.21
13.16
13.48
11.42
11.23
11.08

8.46
14.62
10.44
13.05
12.42
10.61
11.04

10.3
10.56
10.96
12.14

8.98
11.78

6.69
10.89

9.55
10.99
10.27

9.67
10.05
11.49
10.61

9.39

9.24

9.44

10.32
12.11
12.09
11.44
10.75
10.89
9.82
8.31
7.09
5.51
9.34
4.89
10.1
11.73
10.42
7.78
7.16
831
10.78

7.98
10.35
7.33
13.05
11.92
11.04
11.23
12.78
10.35
8.89
10.27
7.62
12.09
12.21
9.12
13.19
10.35
9.65
9.24
12.37
10.82
11.78
11.23
11.32
11.23
11.97
12.28
12.09
11.47
11.54
12.09
12.42
12.26
10.49
10.44
11.56
8.62
12.11
13.38
13.64
12.76
12.14
12.26
10.82
9.1
9.24
8.76
11.39
8.96
12.54
12.85
12.52
9.29
9.96
10.49
11.97

6.54
7.88
8.1
10.99
8.55
9.29
8.5
9.65
9.65
8.21
9.7
8.84
11.97
8.46
6.45
11.08
10.13
7.98
10.89
9.51
9.08
10.01
12.59
12.33
11.73
12.83
12.49
12.16
11.59
12.26
12.97
13.55
12.59
11.35
11.61
12.21
8.67
11.97
13.57
14.24
11.75
12.66
13.28
11.44
10.08
11.08
9.82
11.94
11.54
12.26
14.07
13.6
11.23
11.64
11.92
11.35

3.55
6.11
9.27
7.98
6.33
7.38
4.77
7.67
7.26
9.32
7.95
6.52
8.38
6.69
4.96
8.76
7.07
8.07
7.64
6.26
5.99
6.64
12.4
11.18
12.09
12.78
12.73
119
11.06
12.09
13.19
13.38
11.64
11.35
11.78
11.99
9.79
124
13.48
13.83
113
12.21
13.78
11.97
113
11.16
10.89
11.59
11.44
12.04
14.14
14
11.16
11.44
12.02
11.54

2.81
231
6.73
4.82
4.05
1.9
1.95
5.46
5.23
6.92
7.98
4.56
4.92
3.03
2.89
5.03
8.07
7.35
2.81
2.43
2.26
2.62
13.09
9.65
12.09
12.57
12.73
10.78
11.04
12.76
13.38
13
11.35
11.08
10.63
13.05
9.96
12.59
13.74
12.47
10.85
11.97
13.38
12.26
12.04
11.83
11.59
11.16
10.73
13.21
13.67
13.67
11.13
113
11.85
10.61

4.63
2.79
2.84
3.15
2.62
3.91
4.7
2.29
3.24
7.35
6.66
3.08
391
1.95
3.98
2.53
6.49
4.51
3.7
4.17
2.38
2.36
12.64
11.68
13.74
12.3
14.86
11.49
12.62
13.19
14.43
13.69
11.08
10.42
11.3
12.33
9.96
14.12
12.73
12.16
11.28
11.3
14.29
13.88
11.78
12.88
12.76
12.4
12.07
13.91
12.37
12.97
11.49
11.71
12.64
11.39

5.87
4.2
4.03
4.51
5.01
5.28
5.11
243
3.39
4.2
4.94
3.84
3.82
4.22
4.87
1.57
1.93
5.01
5.37
6.21
5.16
5.16
11.61
9.36
13.78
13.35
14.05
12.66
12.04
12.49
13.48
13.95
11.83
10.94
11.44
11.16
11.83
12.33
9.53
11.13
11.99
10.99
14.17
13.57
10.39
15.15
13.57
13.55
11.35
12.76
11.61
10.44
12.04
11.66
12.26
1111

5.39
5.32
4.85
5.68
6.06
5.66
3.53
293
3.15
2.26
4.46
4.85
3.12
4.25
3.53
4.17
4.37
5.92
6.95
6.78
5.87
9.65
8.26
10.65
11.25
10.22
10.32
10.08
10.37
10.85
12.09
9.62
12.62
8.69
7.88
12.83
10.73
8.55
9.05
11.11
11.59
10.25
11.71
12.78
12.4
12.02
11.16
11.68
11.08
9.19
8.41
13.74
11.18
11.39
11.71

8.76
6.52
5.46
7.31
5.83
7.43
7.05
7.35
4.51
4.63
4.03
7.26
4.37
6.02
5.35
6.23
4.2
4.85
7.55
8.86
7.62
8.17
10.2
7.12
8.36
9.22
8.96
9.55
8.36
9.22
8.98
9.27
10.78
10.25
9.62
7.38
10.46
9.29
7.86
9.12
10.58
9.51
9.51
9.55
12.42
9.89
10.22
9.89
9.89
8.05
7.24
10.13
10.46
9.39
10.3
11.08

B-12

8.26
7.52
7.12
8.26
6.76
7.16
9.17
7.57
7.24
5.16
571
8.31
5.42
8.38
7.78
7.64
5.2
6.42
8.64
9.51
8.64
8.96
12.16
5.03
4.96
5.83
5.99
8.69
5.51
6.47
6.06
6.62
7.48
8.67
9.32
6.62
6.92
6.04
4.17
6.19
9.72
7.5
7.35
6.64
10.53
6.88
9.53
7.81
6.73
7.05
8.76
9.98
7.71
7.4
9.03
7.76
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Appendix C. FIRM CAPACITY CALCULATION

The firm capacity of a power plant is determined the following

calculation procedure:
1. Calculate the Initial Power for each power plant.
2. Preliminary Firm Capacity calculation for each powknt.

3. Firm Capacity calculation.

1. Initial Power

The initial power of a power plant is the amountpofver that this plant is
able to deliver to the system including the vatigbof the resource or fuel the power
plant uses. Generally the initial power is takemfdnistorical data. The standard way of
calculating the initial power is to take the averagf maximum power from the
histogram of generation.

2. Preliminary Firm Capacity

For the preliminary firm capacity there are two way calculating it. One is
focused mainly on thermal generation and the otimether technologies that differ
from thermal generation, this could be technolodike hydro or some renewable
energy technologies like wind energy.

a. Thermal Technologies

The methodology for calculating the preliminaryficapacity in the SING
for thermal power plants is conformed by three smjed calculations with the purpose
of being able to quantify the sufficiency and séguof the electrical system. The first
calculation is the contribution that each genepplant does to the system’s sufficiency
and is calledSufficiency Calculation” The second and third are focused on quantifying



the contribution of each
“Starting Time Calculatio
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plant to the system’s sgcuThese calculations are called
n”and “Load Increase Time Calculation” Therefore, the

Preliminary Firm Capacity is defined as the follogriequation shows.

PFP =15PI. +£STI. +—1LITI. (6.5)
2 4 4
where,
PFP, = Preliminary Firm Power i
SP. = Sufficiency Power calculation i’
ST, =  Starting Time Power for i’
LIT, = Load Increase Time Power for i’

» Sufficiency Firm Capacity:

Taking the Initial Power (IP) discounting the plawn consumptions and

forced unavailability is possible to calculate ghaficiency Firm Capacity.

1

where,

IP =

Cown =

U=
LOLP,, =

LOL =

peak —

For the last eq

SP=1IP, x(1-C,,,) *(1-U),

1- LOLP,,,, (6.6)
X—— .
' 1-LOLP

peak

Initial Power of i’

Plant Own Consumptions Ratio

Plant Unavailability Ratio

Lost of load probability without 'i' at peak
Lost of load probability including 'i' at peak

uation is necessary to calculateuttaailability ratio which

can be obtained from the following equation:

U= {_T } 6.7)
Ton *T ogr



e Starting Time Power:

In this case a level of importance is assignedéoviariable “starting time”
for each power plant. The assignment is done thr@utactor, which will be called+F
Specifically, for a 5 hour window, each plant isak,ated to measure its ability to start

generating.
ST =IP x(1-C,,, ) xF, (6.8)

The factor F is calculated with the following expressions irtthg the start
time Tstart

T
_ start .
1 ;T.,... <Shours

F, = 510 (6.9)
;T.ore > S hours
2[T,

start

¢ Load Increase Time Power:

In this case a level of importance is assignedhéoviariable “Load Increase
Time” for each power plant. The assignment is dtmeugh a factor, which will be
called k. Specifically, for a 5 hour window, each planeisluated to measure its ability

to start generating.
ST =IP,x(1-C,,, ) xF, (6.10)

The factor Fis calculated with the following expressions irtthg the start

time Tincrease

T
1——’"5_’(‘3‘“‘2 ;T,... < Shours
ey ;T ore > S hours
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b. Other Technologies

For other technologies the calculation of the pmaiary firm capacity
simplifies to the calculation of the sufficiency ver calculation shown earlier on

equation(6.6).

3. Firm Capacity Calculation

Hence, to obtain the firm capacity, the preliminéirgn capacity is adapted
through a factor that is the division between ty&eam’s maximum demand and the sum

of the preliminary firm capacity for all the othgower plants.

D
FP. = PFP, x| 2% (6.12)
> Prp
j
After this calculation, may be necessary to lowse wvalue of the firm
capacity owing to transmission capacity of the eystor subsystem surrounding a
specific power plant, this can be achieved throagtorrection factor which multiplies

the firm capacity on equation (6.12) to obtainfihal firm capacity.
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Appendix D.  POWER CURVE DATA

Here is the data used for constructing the powevecthat estimates the
amount of power the turbine is capable of genegatinthe air density of the site on

evaluation.

CURVE @ 1.225[kg/m3]

Wind Speed (m/s) Power (kW)
0.0 0
0.5 0
1.0 0
1.5 0
2.0 0
25 0
3.0 0
3.5 10
4.0 25
4.5 62
5.0 120
5.5 180
6.0 260
6.5 370
7.0 500
7.5 650
8.0 820
8.5 1000
9.0 1150
9.5 1300

10.0 1400
10.5 1480
11.0 1560
11.5 1600
12.0 1620
12.5 1635
13.0 1650
13.5 1650
14.0 1650
14.5 1650
15.0 1650
15.5 1650
16.0 1650
16.5 1650
17.0 1650
17.5 1650
18.0 1650
18.5 1650
19.0 1650
19.5 1650
20.0 1650

Figure 5-2: Original Power Curve Data (1.225[kg/m3)



Wind Power (kW) Wind Speed (m/s) Power (kW)
0.0 0.0 0.00 0.0
0.3 0.5 0.00 0.0
2.5 1.0 0.00 0.0
8.5 1.5 0.00 0.0
20.1 2.0 0.00 0.0
39.2 25 0.00 0.0
67.7 3.0 0.00 0.0

107.6 35 0.05 5.0
160.5 4.0 0.11 17.0
228.6 4.5 0.26 60.0
313.6 5.0 0.40 125.0
417.3 5.5 0.43 180.0
541.8 6.0 0.44 240.0
688.9 6.5 0.45 310.0
860.4 7.0 0.46 395.0
1058.3 7.5 0.46 490.0
1284.3 8.0 0.46 590.0
1540.5 8.5 0.45 700.0
1828.7 9.0 0.45 815.0
2150.7 9.5 0.43 930.0
2508.5 10.0 0.41 1025.0
2903.9 10.5 0.39 1130.0
3338.8 11.0 0.37 1230.0
3815.1 11.5 0.34 1290.0
4334.7 12.0 0.30 1320.0
4899.4 12.5 0.27 1330.0
5511.1 13.0 0.24 1350.0
6171.8 13.5 0.22 1350.0
6883.3 14.0 0.20 1350.0
7647.4 14.5 0.18 1350.0
8466.1 15.0 0.16 1350.0
9341.3 155 0.14 1350.0
10274.7 16.0 0.13 1350.0
11268.4 16.5 0.12 1350.0
12324.2 17.0 0.11 1350.0
13443.9 17.5 0.10 1350.0
14629.5 18.0 0.09 1350.0
15882.8 18.5 0.08 1350.0
17205.7 19.0 0.08 1350.0
18600.1 19.5 0.07 1350.0
20067.8 20.0 0.07 1350.0

Figure 5-3: New Power Curve Data (0.95[kg/m3])
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Appendix E.  CONTRACT PRICES

10% 11% 12%
Case 1 $ 114.09 | $ 122.18 | $ 130.46
Case 2 $ 114.09 | $ 122.18 | $ 130.46
Case 3 $ 114.09 | $ 122.18 | $ 130.46
Case 4 $ 112.22 | $ 120.18 | $ 128.32
Case 5 $ 112,22 [ $ 120.18 | $ 128.32
Case 6 $ 112.22 | $ 120.18 | $ 128.32
Case 7 $ 110.65 | $ 118.49 | $ 126.52
Case 8 $ 110.65 | $ 118.49 | $ 126.52
Case 9 $ 110.65 | $ 118.49 | $ 126.52
Case 10 $ 114.09 | $ 122.18 | $ 130.46
Case 11 $ 114.09 | $ 122.18 | S 130.46
Case 12 $ 114.09 | $ 122.18 | $ 130.46
Case 13 $ 112.22 | $ 120.18 | $ 128.32
Case 14 $ 112,22 [ $ 120.18 | $ 128.32
Case 15 $112.22 [ $ 120.18 | $ 128.32
Case 16 $ 110.65 | $ 118.49 | $ 126.52
Case 17 $ 110.65 | $ 118.49 | $ 126.52
Case 18 $ 110.65 | $ 118.49 | $ 126.52

Figure 5-4: Contract Prices for No Firm Capacity ard Unregistered Project

10% 11% 12%

98.02 [ $ 106.11 | $ 114.38
98.04 [ $ 106.13 | $ 114.41
98.03 [ $ 106.12 | $ 114.40
96.38 [ $ 104.34 | $ 112.48
96.43 | $ 104.38 | $ 112.52
96.42 | $ 104.38 | $ 112.52
95.42 [ $ 103.27 | $ 111.29
95.49 [ $ 103.34 | $ 111.37
95.47 [ $ 103.32 | $ 111.34
96.77 | $ 104.86 | $ 113.14
96.82 [ $ 104.90 | $ 113.18
96.81 [ $ 104.89 | $ 113.17
95.25  $ 103.20 | $ 111.34
9532 $ 103.28 | $ 111.41
95.31 [ $ 103.26 | $ 111.40
94.24 | $ 102.09 | $ 110.12
94.36 | $ 102.21 | $ 110.23
94.35 [ $ 102.19 | $ 110.22

Case 1
Case 2
Case 3
Case 4
Case 5
Case 6
Case 7
Case 8
Case 9
Case 10
Case 11
Case 12
Case 13
Case 14
Case 15
Case 16
Case 17
Case 18

B2 Vo Vo SV B Vo I V2 I Vo B V2 S Vo B Vo R Vo B V2 R Vo S Vo S Vo UG Vo B U ARVl

Figure 5-5: Contract Prices for Firm Capacity and Unhregistered Project



10% 11% 12%

Case 1 S 92.30|$ 100.39 | S 108.66
Case 2 S 92.32|$ 100.41 | S 108.68
Case 3 S 92.31|$ 100.40 | S 108.67
Case 4 S 90.65|$ 9861|S$ 106.75
Case 5 S 90.70|$ 98.65|S 106.79
Case 6 S 90.69|$ 98.65|S 106.79
Case 7 S 89.68|S$ 97.53|S 105.55
Case 8 S 89.75|$ 97.60|S 105.63
Case 9 S 89.73|S$ 97.58| S 105.60
Case 10 S 91.05|$ 99.14| S 107.41
Case 11 S 91.09|$ 99.18| S 107.46
Case 12 S 91.08|S$ 99.17 | $ 107.45
Case 13 S 89.52|S$ 97.47|S 105.61
Case 14 S 89.59|$ 97.55|$ 105.69
Case 15 S 89.58|S$ 97.53|S 105.67
Case 16 S 8850|$ 96.35|S 104.38
Case 17 S 88.62|S 96.47|S 104.49
Case 18 S 88.61|S 96.45|S 104.48

Figure 5-6: Contract Prices for Firm Capacity and Registered Project

10% 11% 12%
Case 1 $ 108.37 | S 116.46 | $ 124.73
Case 2 $ 108.37 | $ 116.46 | S 124.73
Case 3 $ 108.37 | $ 116.46 | S 124.73
Case 4 $ 106.50 | $ 114.45 [ $ 122.59
Case 5 $ 106.50 | $ 114.45 | $ 122.59
Case 6 $ 106.50 | $ 114.45 [ § 122.59
Case 7 $104.91 | $ 112.75 | $ 120.78
Case 8 $ 10491 S 112.75 | $ 120.78
Case 9 $104.91 | $ 112.75 | $ 120.78
Case 10 $ 108.37 | $ 116.46 | $ 124.73
Case 11 $ 108.37 | $ 116.46 | S 124.73
Case 12 $ 108.37 | $ 116.46 | S 124.73
Case 13 $ 106.50 | $ 114.45 | $ 122.59
Case 14 $ 106.50 | $ 114.45 | $ 122.59
Case 15 $ 106.50 | $ 114.45 [ § 122.59
Case 16 $104.91 | $ 112.75 | $ 120.78
Case 17 $ 10491 | $ 112.75 | $ 120.78
Case 18 $ 104.91 | $ 112.75 | $ 120.78

Figure 5-7: Contract Prices for No Firm Capacity ard Registered Project



Appendix F.

CONSTRUCTION AND INVESTMENT COSTS

F-1

Construction and investment cost for a Vestas .88MW wind turbine.

Construction Costs

Activity
15kV Underground Power Lines
Transfomer and Turbine Foundations
Low Voltage Electricy Work
Towers and Turbines Installation
Wind Farm Substation
110kV Transmission Line
Roads and Terrain Adequacy
Connection Node Adequacy
Indirect Costs

Wind Farm Capacity [MW]

173.25 90.75 57.75
Us$ Us$ Uss
5,867,600 3,227,600 2,171,600
24,144,300 12,649,300 8,051,300
453,800 233,800 145,800
24,487,050 12,304,550 7,431,550
1,665,000 1,665,000 1,665,000
1,595,000 1,595,000 1,595,000
743,700 688,700 666,700
316,000 316,000 316,000
38,929,300 20,834,300 13,596,300
98,201,750 53,514,250 35,639,250

Hardware Costs

One Turbine
ITEMS Uss$

Wind Farm [MW]

90.75
us$

Tubine+Tower 1,700,000 178,500,000 93,500,000 59,500,000
Containers (Flatbeds) 45,596 4,787,591 2,507,786 1,595,864
Remote Control System 6,289 660,362 345,904 220,121
Installation Components 31,984 3,358,268 1,759,093 1,119,423
Installation Tools 13,933 1,462,923 766,293 487,641

FOB Value 1,797,801 188,769,143 98,879,075 62,923,048

Freight 1,125,066 118,131,930 61,878,630 39,377,310

CIF Value 2,922,867 306,901,073 160,757,705 102,300,358

Installation Supervision (120 Days) 1,182,426 1,182,426 1,182,426
Maintenance and Service (2 Years) 802,753 802,753 802,753
Total 308,886,252 162,742,884 104,285,537

FOB Value per MW 1,089,577 1,089,577 1,089,577

Freight per MW 681,858 681,858 681,858

CIF per MW 1,771,435 1,771,435 1,771,435

Total per MW 1,782,893 1,793,310 1,805,810
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Variable and Fixed Costs

Wind Farm [MW]
90.75

Fixed Costs
Fixed Operational [USS/year] 362,816.63 191,157.18 122,493.40
Administration and Sales [US$/year] 544,224.95 286,735.77 183,740.10

Fixed Costs Total [USS/year] 907,041.58 477,892.95 306,233.50

Variable Costs

Operation and Maintenance [USS/MWh] 10 10 10
Variable Costs Total [USS/MWHh] 10 10 10
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Appendix G.  SIMULATION SYSTEM MARGINAL COSTS

1. Non-Adapted System Marginal Costs

Normal Demand
57.75 90.75 173.25

O'Higgins 220 Calama 110 Crucero 220 O'Higgins 220 Calama 110 Crucero 220 O'Higgins 220 Calama 110 Crucero 220
1 2 3 4 5 6 7 8 9

S S S 11772 |$ 11535 $ 11466 |$ 115.07 S S S

S S $ 13752 |$ 136.82|$ 136.19|$ 13633 (S 132.79 | $ 13167 |$ 131.92
S S S 14391 |$ 142.03|$ 14131|$ 14136(S$ 139.68 | $ 138.17 | $ 138.35
S S S 12067 |$ 118.73 | $ 11831 |$ 11833(S$ 11547 | S 11447 | S 114.81
S S S 86.52 | $ 86.42 S 86.23|S 86.24|S 84.15|$ 83.91(S$ 84.01
S S S 95.97 | $ 95.73|$ 95.14|S 95.15]S$ 9392 |$ 9066 (S 90.72
S S S 93.65 S 93.74 S 9296|S 9297]|S 9274 S 9234 (S 92.37
S S S 96.53 | $ 96.66 [ S 96.29|S 9635]|$S 96.24 | S 95.48 (S 95.55
S S S 94.77 | $ 9454 S 94.22|S 9424]S 9364 |S 92.86(S 93.04
S S S 96.66 | S 96.67 S 9592|S 9596 |$ 9593 |$ 9537(S 95.43
S S S 98.08 | $ 98.03$ 9767|S 97.78]|S$S 97.81|$ 97.29 (S 97.31
S S S 98.08 | $ 98.03$ 9767|S 97.78]|S$S 97.81|$ 97.29 (S 97.31
S S S 98.08 | $ 98.03$ 9767|S 97.78|S 97.81|$ 97.29 (S 97.31
S S S 98.08 | $ 98.03$ 9767|S 97.78]|S$S 97.81|$ 97.29 (S 97.31
S S S 98.08 | $ 98.03|$ 9767|S 97.78|S$S 97.81|$ 97.29(S$ 97.31

Figure 5-8: Normal Demand System Marginal Costs

High Demand
57.75 90.75 173.25
O'Higgins 220 Calama 110 Crucero 220 O'Higgins 220 Calama 110 Crucero 220 O'Higgins 220 Calama 110 Crucero 220
10 12 13 14 15 16 17 18

2008 ] 117.90 [ S 11768 ]S 117.72 | $ 115.35| S 11466 | S 115.07 | S 11223 S 11181 ]S 111.89
2009 B 13791 ($ 137441 S 13752 $ 136.82|$ 136.19( S 13633 | S 13279 |$ 13167 (S 131.92
2010 IS 15798 [ $ 15753 |$ 157.68 | $ 156.17 | $ 155.15($ 155.45 | $ 151.20 | $ 14957 | $ 149.88
2011 S 168.86 [ S 166.88 ]S 168.44 | S 165.64 | S 164.68|S 165.17 | S 15693 | S 154.80| S 155.54
20121 S 116.11 [ S 11542 ]S 11554 | $ 113.53 | S 11299 S 11342 (S 111.86 | S 111.46|S 111.50
2013 B 181.63 [$ 180.74|$ 180.86 | $ 178.05|$ 17692 (S 177.18 | $ 16599 | $ 16491 (S 165.08
2014 24896 | S 247.74| S 248.73 | S 24475 |S 24260(S 243.60 | $ 227.35|S 224.19]S 225.16
2015 284.47 |S 284.401|S 284.45 | S 281.38| S 27929 (S 279.62 | $ 27245 |S 269.23 ]S 271.66
2016 IS 281.89 | S 280.18|S 281.45 ]S 276.14 | S 273.14 ]S 274.76 | $ 266.17 | S 263.77 | S 264.86
2017 1S 302.66 | $ 303.321|$S 302.52 | $ 300.75|$ 30158 ]S 300.51 | $ 29886 | S 298.42|S 298.56
2018 306.78 | $ 306.98 (S 306.70 | $ 306.26 | $ 30636 (S 306.11 | $ 30451|S$ 303.79(S 303.53
20198 306.78 | S 306.98 | S 306.70 | $ 306.26 | $ 30636 | S 306.11 | $ 304.51|S$ 303.79|$S 303.53
2020 B 306.78 | S 306.98 | S 306.70 | $ 306.26 | $ 30636 | S 306.11 | $ 304.51|S$ 303.79|$S 303.53
2021 306.78 | $ 306.98 (S 306.70 | $ 306.26 | $ 30636 (S 306.11 | $ 30451|S$ 303.79(S 303.53
2022 B 306.78 | S 306.98 | S 306.70 | $ 306.26 | $ 306.36| S 306.11 | $ 304.51|S$ 303.79|$S 303.53

Figure 5-9: High Demand System Marginal Costs
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Figure 5-10: System Marginal Cost Behavior for eaciCase




2. Adapted System Marginal Costs

2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Normal Demand

57.75 90.75
O'Higgins 220 Calama 110 Crucero 220 | O'Higgins 220 Calama 110 Crucero 220
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
S 117.25|S 11716 |$ 11713 (S 116.31|S 11621 |$ 11619
S 138.08 | $ 13797 |$ 13794 (S 137.82|$ 137.70|$  137.67
S 14277 |S 14266|S 14263 (S 141.92|S 14180 |S$ 141.77
S 120.25|$ 120.15|$ 12012 (S 119.80|$ 119.70|$  119.68
S 75.63 S 75.57|$ 75.55|$ 7535|S 7529 S 75.28
S 30.80 | S 30.78 | $ 30.77 | $ 30.80|$ 3077|S 30.77
S 32011($ 31.98|$ 3197 | $ 3201|$  3198(S 31.97
S 33.01(S 3298|$ 3297|$ 3299|S  3297(S 32.96
S 3244 (S 324118 32411|$ 3243|S  3240(S 32.40
S 3491 (S 34.88|$ 34.87 | S 3491|S 3488(S 34.87
S 35311($ 3529 |$ 3528 |$ 3531|$ 3528(S 35.28
S 35311(S 35.29|$ 35.28|$ 3531|S 3528(S 35.28
S 35311($ 3529 |$ 3528 |$ 3531|$ 3528(S 35.28
S 35311(S 35.29|$ 35.28|$ 3531|S 3528(S 35.28
S 35311]$ 35.29|$ 35.28 | $ 35316 3528(S 35.28

0'Higgins 220

RV Vo Ve i U ¥ e s Y R Y2 R Vo B Vo S Ve e ¥ R Y R I "2

Case 7
115.41
137.53
141.62
119.19

74.00
30.79
31.97
32.99
32.43
34.89
35.30
35.30
35.30
35.30
35.30

173.25

Calama 110

RV Vo Ve A ¥ ¥ e Y R ¥ RV R Vo R Vs ARV R Vo N Ve IR Vo

Case 8
115.31
137.42
141.50
119.10

73.94
30.77
31.94
32.96
32.40
34.87
35.27
35.27
35.27
35.27
35.27

Crucero 220
Case 9
S 11529
S 13739
S 14147
S 119.07
S 73.92
S 30.76
S 31.94
S 32.96
S 32.40
S 34.86
S 35.26
S 35.26
S 35.26
S 35.26
S 35.26

Figure 5-11: Normal Demand System Marginal Costs

High Demand
57.75 90.75

O'Higgins 220 | Calama 110 Crucero 220 O'Higgins 220 Calama 110 Crucero 220
Case 10 Case 11 Case 12 Case 13 Case 14 Case 15

S S $ 11713(S$ 11631 |$ 116.21|$  116.19
$ $ 13797|$ 137.94|$ 137.82|$ 137.70|$ 13767
S $ 158.80|S$ 15877 (S 157.98|$ 157.85|$  157.82
$ $ 169.49|$ 16946 | S 169.01 | $ 16887 S  168.83
S $ 9556 |$ 95.54 (S 9528 |S 9520 95.18
$ S 8418]$ 84.16 | $ 84.24|S 84.17]S 84.15
S S 9239|S$ 92.37 (S 9247 (S 9239 92.37
$ $ 99511($ 99.49 | $ 99.55|$  99.47]|S 99.45
S $ 9853|$ 98.51 (S 9857 |S 98.49|S 98.47
$ $ 10295|$ 10293 |$ 103.03|$ 10295|$  102.93
S $ 10831|$ 108.28|S 10838 | S 108.29|S$  108.27
$ $ 10831|$ 108.28|$ 108.38 | $ 108.29|S$  108.27
S $ 10831|$ 108.28|S 10838 | S 108.29|$  108.27
$ $ 10831|$ 108.28|$ 108.38 | $ 108.29|$  108.27
$ $ 10831|$ 108.28 )5S 108.38 | S 108.29|S$  108.27

O'Higgins 220

R ¥ Y Y R Y 72 I ¥ B U o ¥ Y RV RV R T2 T V2 0

Case 16
115.41
137.53
157.65
168.15
93.57
84.23
92.36
99.54
98.57
102.99
108.34
108.34
108.34
108.34
108.34

173.25

Calama 110

B ¥ ¥ Y2 T ¥ T ¥ e ¥ ¥ R V2 I ¥ ¥ ¥ R RV RV

Case 17

Crucero 220
Case 18

Figure 5-12: High Demand System Marginal Costs
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Figure 5-13: System Marginal Cost Behavior for eaclCase




Appendix H.

NPV

NPV

NPV

$30,000,000
$20,000,000
$10,000,000
$-
-$10,000,000
-$20,000,000

-$30,000,000

$20,000,000
$10,000,000
S-
-$10,000,000
-$20,000,000
-$30,000,000

-$40,000,000

$10,000,000
$5,000,000
S-

55,000,000
-$10,000,000
-$15,000,000
-$20,000,000
-$25,000,000
-$30,000,000
-$35,000,000
-$40,000,000
-$45,000,000

O'Higgins 220 - Normal Demand

I
10% 11% 12%
WACC
1 57.75 M 90.75 W 173.25
Calama 110 - Normal Demand
10% 11% 12%
WACC
Crucero 220 - Normal Demand
10% 11% 12%
WACC

1 57.75 ®90.75 ¥ 173.25

NPV

NPV

NPV

$350,000,000
$300,000,000
$250,000,000
$200,000,000
$150,000,000
$100,000,000

$50,000,000

$-

$450,000,000
$400,000,000
$350,000,000
$300,000,000
$250,000,000
$200,000,000
$150,000,000
$100,000,000

$50,000,000

$-

$400,000,000
$350,000,000
$300,000,000
$250,000,000
$200,000,000
$150,000,000
$100,000,000

$50,000,000

$-

H-1

NPV PER CASE (NON-ADAPTED SYSTEM)

O'Higgins 220 - High Demand

didd

10% 11% 12%
WACC

£ 57.75 W 90.75 W 173.25

Calama 110 - High Demand

ddd

10% 11% 12%
WACC

4 57.75 W 90.75 & 173.25

Crucero 220 - High Demand

10% 11% 12%
WACC

1 57.75 W 90.75 W 173.25

Figure 5-14: NPV for No Firm Capacity, No Contractand Unregistered CDM Project



NPV

NPV

NPV

$80,000,000
$70,000,000
$60,000,000
$50,000,000
$40,000,000
$30,000,000
$20,000,000
$10,000,000
$-
-$10,000,000

$70,000,000
$60,000,000
$50,000,000
$40,000,000
$30,000,000
$20,000,000
$10,000,000
$-

$60,000,000
$50,000,000
$40,000,000
$30,000,000
$20,000,000
$10,000,000
$-
-$10,000,000

O'Higgins 220 - Normal Demand

$450,000,000
$400,000,000
$350,000,000
$300,000,000
2 $250,000,000
Z$200,000,000
$150,000,000
$100,000,000
$50,000,000
$-
10% 11% 12%
WACC
Calama 110 - Normal Demand
$600,000,000
$500,000,000
$400,000,000
>
& $300,000,000
=z
$200,000,000
$100,000,000
> s
10% 11% 12%
WACC
£ 57.75 ®90.75 @ 173.25
Crucero 220 - Normal Demand
$500,000,000
$450,000,000
$400,000,000
$350,000,000
. $300,000,000
S $250,000,000
$200,000,000
$150,000,000
— $100,000,000
$50,000,000
$_
10% 11% 12%
WACC

£ 57.75 ®90.75 W 173.25

H-2

O'Higgins 220 - High Demand

ddd

10% 11% 12%

WACC

. 57.75 W 90.75 W 173.25

Calama 110 - High Demand

10% 11% 12%
WACC

£ 57.75 W 90.75 W 173.25

Crucero 220 - High Demand

11% 12%

WACC

£ 57.75 ®90.75 W 173.25

Figure 5-15: NPV for Firm Capacity, No Contract andUnregistered CDM Project



NPV

NPV

NPV

$100,000,000
$90,000,000
$80,000,000
$70,000,000
$60,000,000
$50,000,000
$40,000,000
$30,000,000
$20,000,000
$10,000,000
$-

$90,000,000
$80,000,000
$70,000,000
$60,000,000
$50,000,000
$40,000,000
$30,000,000
$20,000,000
$10,000,000
$-

$80,000,000
$70,000,000
$60,000,000
$50,000,000
$40,000,000
$30,000,000
$20,000,000
$10,000,000
$-

O'Higgins 220 - Normal Demand

A1

10% 11% 12%
WACC

£ 57.75 W 90.75 & 173.25

Calama 110 - Normal Demand

10% 11% 12%
WACC

£ 57.75 W 90.75 4 173.25

Crucero 220 - Normal Demand

10% 11% 12%
WACC

£ 57.75 W 90.75 & 173.25

NPV

NPV

NPV

$450,000,000
$400,000,000
$350,000,000
$300,000,000
$250,000,000
$200,000,000
$150,000,000
$100,000,000

$50,000,000

$-

$600,000,000
$500,000,000
$400,000,000
$300,000,000
$200,000,000
$100,000,000

$-

$500,000,000
$450,000,000
$400,000,000
$350,000,000
$300,000,000
$250,000,000
$200,000,000
$150,000,000
$100,000,000

$50,000,000

$-

H-3

O'Higgins 220 - High Demand

10% 11% 12%
WACC

£ 57.75 @ 90.75 & 173.25

Calama 110 - High Demand

10% 11% 12%

Crucero 220 - High Demand

10% 11% 12%

WACC

1 57.75 @ 90.75 W 173.25

Figure 5-16: NPV for Firm Capacity, No Contract andRegistered CDM Project



NPV

NPV

NPV

$50,000,000
$40,000,000
$30,000,000
$20,000,000
$10,000,000
$-
-$10,000,000
-$20,000,000

$50,000,000
$40,000,000
$30,000,000
$20,000,000
$10,000,000
$-
-$10,000,000
-$20,000,000

$30,000,000
$20,000,000
$10,000,000
$-
-$10,000,000
-$20,000,000

-$30,000,000

O'Higgins 220 - Normal Demand

s

5|

10% 11%
WACC

1 57.75 W 90.75 W 173.25

Calama 110 - Normal Demand

12%

i

d

10% 11%

Crucero 220 - Normal Demand

12%

d _

10% 11%
WACC

1 57.75 ®90.75 ¥ 173.25

12%

H-4

O'Higgins 220 - High Demand

$400,000,000
$350,000,000
$300,000,000
$250,000,000

>
& $200,000,000
$150,000,000
$100,000,000
$50,000,000
s_
10% 11% 12%
WACC
1 57.75 W 90.75 W 173.25
Calama 110 - High Demand
$450,000,000
$400,000,000
$350,000,000
$300,000,000
> $250,000,000
Z $200,000,000
$150,000,000
$100,000,000
$50,000,000
$-
10% 11% 12%
WACC
Crucero 220 - High Demand
$450,000,000
$400,000,000
$350,000,000
$300,000,000
2 $250,000,000
z

$200,000,000

$150,000,000

$100,000,000

$50,000,000
$-

10% 11% 12%
WACC

1 57.75 M 90.75 W 173.25

Figure 5-17: NPV for No Firm Capacity, No Contractand Registered CDM Project



NPV

NPV

NPV

$30,000,000
$25,000,000
$20,000,000
$15,000,000
$10,000,000

$5,000,000

$-

$30,000,000
$25,000,000
$20,000,000
$15,000,000
$10,000,000

$5,000,000

$-

$30,000,000
$25,000,000
$20,000,000
$15,000,000
$10,000,000

$5,000,000

$-

O'Higgins 220 - Normal Demand

10% 11%

WACC

1 57.75 W 90.75 W 173.25

Calama 110 - Normal Demand

12%

10% 11% 12%
WACC
Crucero 220 - Normal Demand
B
10% 11% 12%
WACC

1 57.75 ®90.75 ¥ 173.25

NPV

NPV

NPV

$30,000,000
$25,000,000
$20,000,000
$15,000,000
$10,000,000

$5,000,000

$-

$30,000,000
$25,000,000
$20,000,000
$15,000,000
$10,000,000

$5,000,000

$-

$30,000,000
$25,000,000
$20,000,000
$15,000,000
$10,000,000

$5,000,000

$-

H-5

O'Higgins 220 - High Demand

did

10% 11% 12%

WACC

1 57.75 W 90.75 W 173.25

Calama 110 - High Demand

10% 11% 12%

Crucero 220 - High Demand

10% 11% 12%

WACC

1 57.75 M 90.75 W 173.25

Figure 5-18: NPV for No Firm Capacity and Contract



$20,000,000
$18,000,000
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$8,000,000
$6,000,000
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NPV

$25,000,000

$20,000,000

$15,000,000

NPV

$10,000,000
$5,000,000

$-

$20,000,000
$18,000,000
$16,000,000
$14,000,000

. $12,000,000
& $10,000,000
$8,000,000
$6,000,000
$4,000,000
$2,000,000

S’

O'Higgins 220 - Normal Demand

$60,000,000
$50,000,000
$40,000,000
z
& $30,000,000
$20,000,000
$10,000,000
. s
10% 11% 12%
WACC
Calama 110 - Normal Demand
$60,000,000
$50,000,000
$40,000,000
z
& $30,000,000
$20,000,000
$10,000,000
$-
10% 11% 12%
WACC
Crucero 220 - Normal Demand
$60,000,000
$50,000,000
$40,000,000
z
& $30,000,000
$20,000,000
$10,000,000
B s
10% 11% 12%
WACC

1 57.75 ®90.75 ¥ 173.25

H-6

O'Higgins 220 - High Demand

ddd

10% 11% 12%

WACC

1 57.75 W 90.75 W 173.25

Calama 110 - High Demand

10% 11% 12%

Crucero 220 - High Demand

10% 11% 12%

WACC

1 57.75 M 90.75 W 173.25

Figure 5-19: NPV for Firm Capacity and Contract



Appendix I.

10%
$39,778,679.77
$39,778,679.77
$39,778,679.77
$62,509,717.82
$62,509,717.82
$62,509,717.82

$119,335,344.61
$119,335,344.61
$119,335,344.61
$39,778,679.77
$39,778,679.77
$39,778,679.77
$62,509,717.82
$62,509,717.82
$62,509,717.82
$119,335,344.61
$119,335,344.61
$119,335,344.61

1
2
3
4
5
6
7
8
9

11%
$37,207,765.11
$37,207,765.11
$37,207,765.11
$58,469,685.54
$58,469,685.54
$58,469,685.54

$111,622,645.51
$111,622,645.51
$111,622,645.51
$37,207,765.11
$37,207,765.11
$37,207,765.11
$58,469,685.54
$58,469,685.54
$58,469,685.54
$111,622,645.51
$111,622,645.51
$111,622,645.51

LAW PENALTY AND NEGATIVE NPV

12%
$34,900,144.73
$34,900,144.73
$34,900,144.73
$54,843,403.85
$54,843,403.85
$54,843,403.85

$104,699,824.69

$104,699,824.69
$104,699,824.69
$34,900,144.73
$34,900,144.73
$34,900,144.73
$54,843,403.85
$54,843,403.85
$54,843,403.85
$104,699,824.69
$104,699,824.69
$104,699,824.69

Law Penalty @ 0.4UTM

1. Adapted System NPV

Without Firm Power Payment and Unregistered CDM Project

With Firm Power Payment and Unregistered CDM Project
10%

11%

12%

1 -$44,619,653 -$48,978,687 -$52,960,380 1 -$35,129,355 -$39,918,571 -$44,291,564
2 -$37,159,775 -$41,993,741 -$46,401,816 2 -$27,692,540 -$32,955,013 -$37,752,902
3 -$41,605,420 -$46,193,519 -$50,379,392 3 -$32,132,726 -$37,149,796 -$41,725,891
4 -$68,539,430 -$75,328,783 -$81,528,885 4 -$53,780,504 -$61,240,253 -$68,050,098
5 -$57,716,385 -$65,213,494 -$72,048,391 5 -$43,016,771 -$51,180,366 -$58,621,527
3 -$63,286,786 -$70,476,303 -$77,033,555 3 -$48,578,465 -$56,435,228 -$63,599,412
7 -$131,577,934|  -$144,345,945|  -$156,000,642 7 -$104,589,425|  -$118,597,837|  -$131,379,736
8 -$115,027,040|  -$128,938,896|  -$141,617,040 8 -$88,204,623|  -$103,347,141|  -$117,143,768
) -$121,085,766|  -$134,611,547|  -$146,943,823 9 -$94,235,236|  -$108,992,590|  -$122,444,184

$209,213,458 $196,862,673 $185,477,022

$225,520,095 $212,153,160 $199,856,296

$20,489,371 $10,463,864 $1,453,335 $36,752,026 $25,712,473 $15,792,675
$11,507,739 $2,161,098 -$6,245,071 $27,792,722 $17,430,658 $8,113,958

$5,408,464 -$7,988,743 -$20,049,394 $30,604,481 $15,631,442 $2,158,135
$31,769,868 $16,207,591 $2,223,302 $56,693,749 $39,581,535 $24,207,302
$18,987,565 $4,421,191 -$8,677,580 $44,129,333 $27,989,709 $13,480,612

$4,794,578 -$20,331,023 -$42,936,193 $51,214,549 $23,194,426 -$2,005,839
$46,675,636 $17,928,314 -$7,884,403 $92,664,635 $61,040,475 $32,649,103
$30,021,931 $2,714,498 -$21,824,970 $76,037,946 $45,852,106 $18,732,584




With Firm Power Payment and Registered CDM Project

] 10% 11% 12%

Without Firm Power Payment and Registered CDM Project

1 -$37,672,230 -$42,480,280 -$46,865,003 1 -$28,181,932 -$33,420,163 -$38,196,187
2 -$30,212,352 -$35,495,334 -$40,306,439 2 -$20,745,118 -$26,456,605 -$31,657,525
3 -$34,657,997 -$39,695,111 -$44,284,015 3 -$25,185,303 -$30,651,388 -$35,630,514
4 -$57,613,883 -$65,109,359 -$71,943,268 4 -$42,854,956 -$51,020,829 -$58,464,481
3 -$46,790,838 -$54,994,070 -$62,462,774 3 -$32,091,224 -$40,960,941 -$49,035,910
6 -$52,361,239 -$60,256,879 -$67,447,938 3 -$37,652,918 -$46,215,804 -$54,013,795
7 -$110,675,693|  -$124,794,626]  -$137,661,893 7 -$83,687,184 -$99,046,518|  -$113,040,987
8 -$94,124,799|  -$109,387,576|  -$123,278,290 8 -$67,302,382 -$83,795,822 -$98,805,018
9 -$100,183,525|  -$115,060,227|  -$128,605,073 9 -$73,332,995 -$89,441,271]  -$104,105,434
$216,160,880 $203,361,081 $191,572,399 $232,467,517 $218,651,567 $205,951,673
$27,436,794 $16,962,272 $7,548,712 $43,699,448 $32,210,880 $21,888,053
$18,455,161 $8,659,506 -$149,694 $34,740,144 $23,929,065 $14,209,335
$16,334,011 $2,230,681 -$10,463,777 $41,530,029 $25,850,867 $11,743,752
$42,695,415 $26,427,016 $11,808,919] = $67,619,296 $49,800,959 $33,792,919
$29,913,113 $14,640,616 $908,037 $55,054,880 $38,209,133 $23,066,229
$25,696,819 -$779,703 -$24,597,444 $72,116,790 $42,745,745 $16,332,910
$67,577,877 $37,479,633 $10,454,347 $113,566,876 $80,591,794 $50,987,852
$50,924,172 $22,265,818 -$3,486,220 $96,940,187 $65,403,425 $37,071,333

2. Non-Adapted System Negative NPV

With Firm Power Payment and Non Registered CDM Project

CASE\WACC
Sh e e h)|  -$4,677,677.89
90.75 O'Higgins 220 -$5,985,229.44
173.25 Crucero 220 -$709,263.79

Without Firm Power Payment and Non Registered CDM Project

CASE\WACC
O crr)|  -$3,455,280.40] -$11,702,647.39] -$19,128,325.84

Calama 110 MY -$8,055,686.51

Crucero 220 \\ -$6,150,962.80| -$14,036,658.08
GG corr)|  -$3,965,664.58] -$16,835,747.55] -$28,421,748.23

Calama 110 MMMMMDMDMDMBNINYY  -$12,475,696.03

Crucero 220 & -$8,544,324.17| -$20,848,260.58

O'Higgins 220 N  -$3,956,755.95] -$29,892,691.74
Calama 110 -$7,266,583.15| -$31,313,088.15
Crucero 220 &\ -$17,952,687.33| -$41,157,581.89




Without Firm Power Payment and Registered CDM Project

CASE\WACC

O'Higgins 220 -$5, R -$13,032,948.71
(e=1ETH ERAD] -$1,960,309.37
Crucero 220 & -$7,941,280.95

O'Higgins 220 -$6, . -$18,836,131.31
Calama 110 -$2,890,079.12
Crucero 220 \N -$11,262,643.67

. |
O'Higgins 220 \Q -$11,553,942.32
Calama 110 -$12,974,338.72
Crucero 220 &\ -$22,818,832.46




J-1

Appendix].  MARGINAL COST VARIATIONS

1. Adapted System [US$/MWh]

Normal Demand
57.75 90.75 173.25
O'Higgins 220 Calama 110 | Crucero 220 O'Higgins 220 Calama 110 Crucero 220 | O'Higgins 220 Calama 110 Crucero 220
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

High Demand
57.75 90.75 173.25
0'Higgins 220 | Calama 110 Crucero 220 O'Higgins 220 Calama 110 Crucero 220 O'Higgins 220 Calama 110  Crucero 220
Case 10 Case 11 Case 12 Case 13 Case 14 Case 15 Case 16 Case 17 Case 18




J-2

2. Non-Adapted System [US$/MWh]

Normal Demand
57.75 90.75 173.25
O'Higgins 220 Calama 110 Crucero 220 O'Higgins 220 Calama 110 Crucero 220 | O'Higgins 220 Calama 110 | Crucero 220
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

High Demand
57.75 90.75 173.25
O'Higgins 220 Calama 110 Crucero 220 O'Higgins 220 Calama 110 Crucero 220 | O'Higgins 220 Calama 110 | Crucero 220
Case 10 Case 11 Case 12 Case 13 Case 14 Case 15 Case 16 Case 17 Case 18




