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Background: The New Electricity Supply Industry

For ahurdred of years eledricity and its delivery were thought to beinseparable. Since
the late-1980s and ealy-1990s things began to change. Dueto diverse reasons[13]
both developed and devel oping courtries began to abandon the ideaof an electricity
industry verticdly integrated to adopt anew model that all ows competition and choice
in eledricity. Theideaof commercia separation d eledricity as a product and its
delivery asaservice was put in practicefirstly in the U.K. The successof this change
was took by other courtries as an example and sincethat moment introduction o
competitionin the Eledricity Suppy Industry (ESI) has being taking placein many
courtries aroundthe world.

The thangein the ESI invalvestwo dfferent aspeds that are very related to each ather.
Oneisrestructuring; the other is privatisation.

Restructuring refers to changesin structure. It isabou commercial arrangements for
selling energy: separating or “unbunding’ integrated industry structures and
introducing competition and choice

Privatisationis a change from government to private ownership, and is the end-point of

a @ntinuum of changesin ownership and management.

It can be cnsidered that there ae four basic ways to structure an eledric industry and

threedifferent posshiliti es of ownership and management. [5]
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In the cae of structure the models are defined by the degreeof competition:

Model 1: No competition at all .

Modd 2: Requires asingle buyer or purchasing agency to choase from a number of
different producers, to encourage competition in generation.

Model 3: Allows distribution companies to chocse their supgier, which brings
competition into generation and wholesale supply.

Modd 4: Allowsall customersto chocse their supgier, which impliesfull retail

competition.

In the cae of ownership and management, three different levels can be considered:

First level: The ESI isagovernment department, with noseparate accourts, and
often with resporsibiliti es that are only remotely conreded to eledricity production.
Seomndlevel: The ESl isadistinct government-owned company, or nationali sed
industry.

Third level: The ESI isaprivately owned industry.

When considering the two aspects (i.e. structure and owvnership) at the sametime

different possbiliti esarise. A matrix of structure and owvnership/management results

as qowninFig. 1.
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Fig. 1. Structure and ownership/management matrix.
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The horizontal axis is competition and choice the vertical axisisthe degreeof
government control. Different levels of competition and choice, represented by the four
models, are shown onthe horizontal axis; ontheleft isfull monopdy, ontheright is
full competition. On the verticd axis the dimensionis the degreeof government
control. It starts at the top with a government department with full control, passng
through a government-owned, bu separate company, and ending with a privately owned
company.

The oourtries of theworld have dectric indwstries all over this matrix. Many are
moving from one placeto anather, but all the movement is from topto batom, and
from left to right: areductionin government control, and an increase in competition
and choice

InFig. 1the cases of U.K., Argentina and Chil e is represented.

In the whole processprices take afundamental place & they must expressred or true
costsin arder to make ampetitivenesswork. If the market was perfect, the interaction
of market forces would lea to setting the optimum assgnment of resources. However,
the charaderistics of the ESI and the fad that transmisgon and dstribution are natural
monopdi es makes the presence of aRegulator necessary. The Regulator has to

establi sh the planning principles, the standards and the tariff structures that assure
competition be életo work. In order to dothat thetrue cstsinvolved must be very

well known and undabrstood.
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The New Electricity Supply Industry in Argentina

INDUSTRY STRUCTURE

Law N° 24065 6 January 1992(Energy Act) [8] dividesthe dedricity indwstry into
threesectors. generation, transmisgon and dstribution.

The generation sedor is organised ona competiti ve basis with independent generation
companies slli ng their production in the Wholesale Electricity Market (WEM) or by
private contrads with certain ather market participants.

Transmisgonisorganised onaregulated basis. Transmisson companies are required to
provide third parties accessto the transmisson systems they own and are authorised to
colled atoll for transmisgon services. Transmisson companies are prohibited from
generating or distributing eledricity.

Distributioninvolves the transfer of eledricity from supdy points of transmittersto
consumers. Distribution companies operate & geographic monopdies, providing
serviceto aimost all consumers within their speafic region.

Acoordingly, distribution companies are regulated and are subject to service
spedficaions. Distribution companies may buy the dedricity needed to med
consumer demand in the WEM or from contracts with generation companies.

The Energy Act also recognises a dassof large users, consisting of industrial customers
and aher users with particular eledricity supdy needs. Large usersaredivided [1,
Annexe 17] in threedifferent groups (GUMA, GUME and GUPA) in accordanceto
their power neals and the anount of energy contraded in the WEM.

DISPATCH AND PRICING

The Argentine dedricity dispatch system is designed to ensure that the most efficiently
produced eledricity reates customers.

Generation companies &l their eledricity to dstribution companies and aher large
usersin the cmpetitive WEM through suppy contrads or in the spot market at prices
set by CAMMESA (“ Compafiia Adminsitradora del Mercado Mayorista Elédrico
Sociedad Anénima’, in english, Wholesale Eledricity Market Operator Company).
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CAMM ESA sharehalders are the generation, transmisson and dstribution companies,
large users (through their respedive aciations) and the SE (“ Seaetaria de Energid’,
in english, Seaetariat Energy).

All generation companiesin the SIN (“ Sistema Interconedado Nacional” , in engli sh,
National Interconneded System) pod eledricity inthe WEM. Eledricity is purchased
from participants in the pod by distribution companies and aher large users at the
contractual, seasonal, or spot price

The contractual priceis paid by distribution companies and aher large users that have
entered into suppy contracts with generation companies. Large users who contrad
diredly with generation companies must also pay the distribution companies atoll for
the use of the distribution retwork (Distribution use of system charges, DUS charges).
The seasonal priceisthe price paid by distribution companies for e ectricity from the
pod andisafixed pricereset every six months by CAMM ESA and approved by the SE
acordingly to supdy, demand, avail able capacity and aher fadors. The seasonal price
ismaintained for at least 90 days. Theredter, CAMM ESA updates asaumptions
underlying the models employed to establi sh the seasonal pricebased oncurrent data
and results provided by companies that are members of the WEM. If the SE finds
significant variance anong current and prior data, it may modify the seasond price
through aresolution.

The spat priceis an houly pricepaid for energy and refleds the margina cost of

generation.

The adual operationof CAMM ESA invalves the dispatch of generating resources
withou regard to the @mntrads among generation companies and dstribution companies
or large users. Consequently, a generation company's cagpadty may be dispatched to
provide more or lessenergy to the pod irrespective of its contractual commitments.
Under these drcumstances, the generation company will be obliged to buy or sell

excessenergy from or to the pod at spot prices.
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In Fig. 2,the various posshiliti es of trading electricity in the WEM are shown [2]. The
diagram also shows how the imbalances are traded in the market.

Contraded generation Contraded demand
Largeuser
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ADem= Actual Demand —Contraded Demand
AGen= Actua Generation — Contraced Generation

Fig. 2. Argentina Trading pricesin the WEM.
Thereis a Stabili sation Accourt that is constituted from the differences between the

revenue due to the energy purchased to CAMM ESA and the expenditure due to the
energy sold to CAMMESA.
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THE PRICE SYSTEM

Nodal Factors and Adaptation Factors

Thetype of pricing used by the Argentine WEM isnodal pricing.

At eat nade thereis apricefor the energy and a price for the capadty [1, Annexe 3].

The pricefor the energy at each nockis cdculated multi plying the price for the energy
at the market, PM (“Predo Mercada’, in english, Market Price) by the FN (“ Fador de
Nodo”, in english, Nodal Fador).

The pricefor the caacity at each nock is calculated multi plying the price for the
cgoacity at the market, $PPAD (“ Potencia Puesta aDisposicionen el Mercado’, in
english, Capacity Made Avail able a the Market) by the FA (“ Fador de Adaptadon’, in
engli sh, Adaptation Factor).

The FN at nocki is cdculated as:

d(Losse}
d(Pdi)

FN; =1+

where;

Trd (dLC;ZSi8$ is the derivative of the system transport losss (Losses) with resped to

the power demanded at nocki (Pdi).

In order to calculate the FN at node i a power flow programmeis used smulating a
unity variation o demandat i (d(Pdi)) and calculating the variationin system losses
(d(Losse}). The slack busbar for this cdculationis the WEM node (market place) or the
market locd node ( “ centre of load masss’ ) for an areanct eledrically linked to the

market. An areamay result not linked to the market due to a system constraint. For this
cases, the nodal fador of nodei (FN, ) with respect to the WEM nockeis cdculated
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multi plying the nodal fador of i with respect to the market local node ( FNL, ) by the
nodal fador of the locd market node with resped to the WEM node (FNL), i.e.

FN,= FNL, xFNL

where,

FN, isthenodd fador of nodei with resped to the WEM nock.
FNL, isthenoda fador of nodei with resped to the locd market noce.
FNL isthenoddl fador of the locd market node with resped to the WEM node when

no constraints are present (as defined in [The Procedures, Annexe 3, item 2.1).

Asaresult, the price for energy at nocei is:

PN, = PMxFN,

CAMMESA cdculates houly nodal fadors and seasonal noddl factorsin accordanceto
[1, Annexe 3, Item 2.2]

With the previous considerations, PM results to be the generation marginal cost
including transport (which is considered from contribution to system losses), evaluated
at the market place In addition, no@ fadors represent the looses marginal cost

asciated to the link between the market place and the noce.
FA isdefined astheratio between the pricefor the caacity at node i andthe pricefor
the caacity at the WEM node, when nocei islinked to the WEM node withou

constraints.

The alaptation fador for anodei takes into accourt the reliabili ty of the link between
the market place and nock .

Dueto failuresin the transmisson retwork, consumers at diff erent nodes may

experience aitsin the power supgied. This stuation produces an increment in

Set. 2000



marginal prices at those nodes when considering the value of ENS (Energy Not
Suppied).
The FA at nocdei considers the over-costs produced to the mnsumers at the receptor

nodes when a fail ure in the transmisson system occurs.

Two types of failures are wnsidered:
* Long durationfailures.

e  Short durationfail ures.

Eadh type of fail ure has an associated over-cost defined as foll ows:

e SCLD | (* Sobreaostos prodicidos por fall as de larga duradon en adtatension de
unalineal”, in english, Over-costs produced dwe to long duration failuresin HV of a
linel).

e SCCD_| (“Sobremstos prodicidos por falas de cortaduracion en dtatension ce
unalineal”, in english, Over-costs produced due to short duration failuresin HV of

alinel.

During the Summer Seasonal Programming, CAMM ESA cd culates the annual over-
costs due to long duration fail ures and short duration fail ures (SCLDE_| and SCCDE _|
respedively) for eadh linel. These over-costs are calculated averaging the expeded
over-costs for the next four seasona periods, as foll ows,

> ,SCLDE_I,p
SCLDE_| =%"
2
> ,SCCDE_L, p
SCCDE_| =&*
2
where,

SCLDE_I, p isthe over-cost due to large duration fail ures of line | during seasond

period p caculated in accordanceto [1, Annexe 3, Item 3.1.7].

SCCDE._I, p isthe over-cost due to short duration fail ures of line | during seasonal

period p cdculated in accordanceto [1, Annexe 3, Item 3.1.3.
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Note: Each seasonal period corresponds to a6 month period. Oneisthe summer

seasona period and the other is the winter seasonal period.

The over-price due to transmisson system reli abili ty (IPCONST _|) refleds the annual
over-costs due to large and short duration fail ures per unit power linked through linel.
IPCONST | iscdculated asfoll ows,

SCLDE_| +SCCDE_|)

|pc0NST_I=((pMpT_IXNHFV)

where,

NHFV are the number of nonvalley hous during the working days in the two seasonal
periods considered.

PMPT _I isthe average power linked through linel, cdculated in accordanceto [1,

Annexe 3, Item 3.1.3.

The pricefor capacity at nodei ($PPAD:I) is cdculated adding the total over-price &
nodei dueto transmisson system reli abili ty to the pricefor capacity at the market
($PPAD):

$PPADI = $PPAD+ ZI IPCONSTI_|

where,

IPCONSTI_| isthe over-price due to transmisson system reliability at nodei. When line

| isout of order, nockei keeps linked to the market with constraints.

Then, using the previous definitions, the adaptation fador at nocei is cdculated as
foll ows,

3 IPCONSTI
+
$PPAD

FAi =1
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Payments to generators

Generators are paid for the energy produced when dispatched and aso for the cagpadty
made avail able and accepted by CAMMESA.

The payments the generators receive for the houly energy is given by the margina cost
of producing and transporting the next MWh to the market place Thus, generators
recave, for the energy produced, the nodal price a the busbar they are mnneded to.

During the weeks with failure risk an owverpriceis paid (SPRF) for the energy generated
during the working days at peak hous[2]:

E['\)'Sx(CENs— PM)

SPRF=

where:

SPRF isthe overpricedueto fail ure risk
ENS isthe probable energy not suppied.

D istheforecasted demand.

CENS isthe st of the energy not suppied.

PM isthe market price

The payments for cgpadty are dorne over the working days at pe&k hours.

During the weeks withou fail ure risk, CAMM ESA organises a price mmpetition
between generators. The result are the generators which will remain as cold reserve.
The pricefor capacity ispaid to al the avail able generators scheduled and to all the

generators that provide reserve.

Seasonal Pricesfor Distcos

The prices for distribution companies are calculated for seasonal periods of 6 months

duration.
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One period correspondto winter-spring with high contribution d hydroeledric energy.
The other period correspondto summer-autumn with low contribution d hydroeledric

energy.

These prices remain fixed during the first 3 months of the period. If at the end d the
trimester there ae differences with respect to the original hypothesis considered in the
Seasonal Programming, the SE could modify the prices for the remaining period.

In order to determine the Seasonal Prices CAMM ESA uses optimisation models
cdculating the optimum hydrothermica energy dispatch. The database used is
provided and agreed among the WEM members.

In addition, the servicequality is agreed with the Distcos. From the servicequality

agredd, the reserve requirements and correspordent costs are obtained.

The result of the Seasonal Programming is the price of energy for each Distco,
determined for each tariff period; e.g. pe&k, valley and remaining period. These prices
are the weighted averages, for eat week, of the PM plus the diff erences for the energy
valued at adifferent price (locd prices, operation costs, etc.), modified using the nodal
and adaptation fadors.

On the other hand, an estimation d the SFRF is also oltained.

Integrating the payments for the $PPAD and the SPRF over the period, the cgadty
payments for the Distco in the seasonal period may be calculated.

The seasonal pricefor the capacity of each Distco is defined as afixed monthly
payment. For the cdculation, two fads are taken into acourt:

1. The power contracted by the Distco.

2. Thetotal payments forecasted in one semester for the PPAD paid to generators.

Thetariff for distribution companies consistsin two terms:
e an unique energy pricefor eadt tariff periodfor the whole semester.

» afixed charge for capacity.

Set. 2000
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TRANSMISSION TARIFFS

The transmisgontariff that must be paid by entiti es engaged in generation and

distribution adiviti es and by large users can be broken down into:

1. A conredion charge that underwrites the @sts of operating the egquipment that links
them to the transmisson system.

2. A transport capadty charge that corresponds to the payments associated to operation
and maintenance of the eguipment used for the dedricity transport service

3. A charge based onthe aggregate anourt of eledric energy transported which is
cdculated from the difference of the value of the energy at the receiving busbar and
the value of the energy at the sending busbar.

DISTRIBUTION TARIFFSFOR FINAL CUSTOMERS

Retail tariffs for the biggest distribution companies (EDENOR, EDESUR and
EDELAP), which represent the 44 % of the dedricity market, are establi shed by
indexed rate formulasin their concesson contrads for an initial five-year period.
They are based onthe sum of the noddal price andthe VAD (“Vaor Agregado cela
Distribucién”, in english, Value for the distribution service).

The VAD are set to cover the distribution system operating costs, taxes, and
amortisation.

The VAD incorporates arate of return to encourage the enterprise's efficiency, as well

as an investment return expeded for adivities with parall el levels of risk.

Penalties are goplied for fail ure to med established quality of distribution service

criteria.
The ENRE (“ Ente Nadonal Regulador de Eledricidad”, in english, National Eledricity
Regulator) oversees these tariffs and will apply new tariff f ormulas based ondefined

criteria oncethe five-year periodis over.

Provincia authorities st tariffs for distribution iliti esin their jurisdiction accoording to
eoonamic aiteria promoted by sector reforms at thislevel. Before the reforms, retail
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tariff sin the provinces have historically been subjeaed to a pdliti cd, rather than an

eonamic basis.

THE ELECTRIC SYSTEM

Power System overview

By the end of 1998,Argentina had an install ed cgpacity of 23046MW with atotal
eledricity generation d 68460GWh duing the year [15]. Eledricity consumptionin
that same yea was 64711GWh growing 5 % from the previous year [6].

Planners exped eledricity demand will continueto grow at the same average annua
rate during the next decade. The cgadty additions contemplated for the cming years
are mostly thermal, using natural gas-fired plants.

Eledricity service mvers around 95% of the total popuation, bu the level of
eledrificationin isolated areas is only around 70% [6].

The MEM (“Mercado Elédrico Mayorista’, in english, Whoesale dedricity market) is
the largest system in the wurtry with atotal installed capadty of 19271MW in 1998
[15].

The MEMSP (“Mercado Elédrico Mayoristadel Sur de Patagonia’, in english Southern
Patagoniawholesale dedricity market) operates the southern region and had an
installed cagpadty of 831 MW in 1998[15].

Participants and Degree of Private Sector Participation

Generation

There ae aurrently forty generating companiesin the MEM and four in the MEM SP.
Except for bi-national projeds (Y adreta, Salto Grande), the ommercia nuclear
enterprise (ENASA), and minor plants owned by provincial utiliti es and co-operatives,
virtually al generationin the @urtry isin private hands. Foreign investorshold a
major ownership stake in these units. There ae dso various co-generators and auto-

generatorsin bah regions.
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Transmission

The transmisgon adivity in Argentinais sibdvided into two systems: The High
Voltage Transmisson System (STEEAT), which operates at 500 RV and transports
eledricity between regions, and the regional transmisgon systems (STEEDT), which
operate & 132/ 220 K and conned generators, distributors and large users within the
same region.

TRANSENER isthe biggest company of the STEEAT, and five regional companies are
located within the STEEDT (TRANSNOA, TRANSNEA, TRANSPA,
TRANSCOMAHUE and DISTROCUY Q). In addition to these mmpanies, there ae
also provincia transmisson companies and independent transmisson companies.

These cmpanies operate under atednicd li cense provided by TRANSENER, whichin
turn will make their assts avail able in the MEM in exchange for an establi shed fee

Retail Distribution

The threedistribution companies divested from SEGBA (EDENOR, EDESUR and
EDELAP) represent 44 % of the dectricity market in Argentina. Including the
companies divested from some regional utiliti es (Entre Rios, San Luis, Cérdoba,
Mendaza, Formosa, Santiago del Estero, Tucumén, Rio Negro, Catamarca, Misiones,
Jujuy and Santafe), private participation in the distribution market has increased to
60 %. The remaining distribution companies have remained in the hands of the
provincial governments, bu this ownership structure is expeded to change with the

expansion d the new regulatory framework to the different regions of the wuriry.

Sectors problems after de-regulation

Some observations have been made on the problems arisen after de-regulation [6]:

» Some mnfusionandladk of confidenceregarding the aili ty of the aurrent

transmisson pricing system’s abili ty to provide incentives for new investment in

cgpacity isa aiticd isaue of debate. The transmisson system has experienced some

bottlenedks, bu the regulatory entity has nat yet actuate to all ocate the resporsibili ty
for expansion a all ocate costs among the relevant interest groups. Therefore,
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investors are reluctant to buld new fadliti es. The SE has establi shed afundto
suppat an emergency expansion d the system to relief the immediate presaure.
Theimpad of sustained, low spat prices on the wholesale market may have a
negative impad on generating companies” financia health and interest in new
investments because the capadty charges may not adequately reflect long run
marginal costs for suppy. Nevertheless this condtionwill disappea if demand
increases, including export to ather courtries.

Undertaking restructuring and privatisation d the provincial uitiliti esis occurring at
an ureven pacedue to the locd governments reluctance to lose (as they perceveit)
aready-made source of revenues.

The prolonged blackout that has occurred in Buenaos Aires have raised questions
abou the operating condtions of the privatised distribution companies. The
oversedang and penalty procedures affeding the distribution companies soud be &
strict as possble, guaranteeing that the cmncessons are following the mntracts that

they signed.
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The New Electricity Supply Industry in Chile

INDUSTRY STRUCTURE

Law DFL N° 1from 1982(Energy Act) [9] dividesthe dedricity industry into three
sedors: generation, transmisson and dstribution.

There is competitionin generation but no competitionin transmisgon and dstribution.
Transmisgon and dstribution businesses are regulated because of their inner
characteristic of being natural monopdies.

The dedricity companies are subject to regulation d its prices and aher aspeds of its
businessin Chile under the Chilean Eledricity Law. Three government entiti es have
primary resporsibili ty for the implementation and enforcement of the Chilean
Eledricity Law.

CNE (“Comision Nadonal de Energia’, in english, National Commisson d Energy)
has authority to set tariffs and nade prices and to prepare the Indicative Plan, a10 year
guide for the expansion strategy of the dectric system.

SEC (“ Superintendencia de Eledricidad y Combustibles’, in engli sh, Seaetariat of
Eledricity and Fuels) sets and enforces the technicd standards of the system.

In addition, the Ministry of Econamy grants final approval of tariffs and noc prices st
by CNE and regulates the granting of concessons to electric generation, transmisson

and dstribution companies.

The sedor isamost completely unbunded verticdly and haizontally, thoughlegally
the functional separation d commercial activitiesisnot required. However, major
concerns persist regarding haizontal and vertical integration [6]. The ownership o the
SIC (“ Sistema Interconedado Central”, in english, Central Interconneded System) is
under a orporate entity, TRANSELEC, which has the same shareholders as ENDESA,
the largest generator in the region. In addition, ENERSIS, the holding company for the
largest distribution company in Chile, owns around 25% of ENDESA’s dares.
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DISPATCH AND PRICING

The Chilean power network consists of two systems, the SIC, which includes the capital
Santiago and its surroundngs, andthe SING (“ Sistema Interconedado del Norte
Grande’, in english, Gred Northern Interconreded System), which suppies the mining
regionin the north. These two systems are not interconneded to each ather andthe SIC
has approximately three times the install ed capadty of the SING. There ae dso
various small i nterconreded systemsin the south.

Thereisa CDEC (“ Centro de Despacho Econdmico de Carga’, in english, Centre for
Econamic Load Dispatch) for each system. The CDEC co-ordinates the operation o
the correspondng interconrected system. For example, thereis one CDEC for the SIC
and an ore CDEC for the SING. Any other electricity system with more than 200MW
of install ed capacity must have its own CDEC. Eacdh CDEC is controlled by the largest
generators of the system where that CDEC operate.

The SIC and the SING are intended to be near perfect markets for the sale of eledricity
in which the lowest marginal cost producer is used to satisfy demand kefore the next
lowest marginal cost producer is dispatched. Asaresult, at any spedfic level of
demand, the gpropriate suppdy will be provided at the lowest possble st of

production avail able in the system.

Generation companies meet their contractual sales requirements with d spatched
eledricity, whether produced by them or purchased by them in the spot market.

A generation company may be required to puchase or sell energy or cgpadty in the
spot market at any time depending uponits contradual requirementsin relationto the
amourt of eledricity from such company to be dispatched. Purchases and sales made in
the spot market are traded at the  spot marginal cost” of the interconneded system in
which the companies are located, which isthe marginal cost of the last generation
fadlity to be dispatched.

Salesto dstribution companies for resale to regulated customers (customers which
demandfor capacity is equal or lessthen 2MW) must be made & the nodal seasonal
prices. Two nadal prices are paid by distribution companies: nodal prices for pesk

cgoacity and nodll pricesfor energy.
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Nodal prices for peak cgpadty and energy consumption are establi shed every six
months.

Salesto urregulated customers (customers with demand for capacity of more then

2 MW), whether directly by a generation company or through a distribution company
for consumption by such dstribution company's customers, are not regulated and are
made & negotiated prices.

In Fig. 3,the various posshbiliti es of trading electricity in the WEM are shown. The
diagram also shows how the imbalances are traded in the market.

Contraded generation Contracted demand

v

Unregulated

Customer

Independent (P>2MW)

Generator

Regulated

customer

Generator (P<2MW)

without

Gemeration Distribution

company

AGen= Actua Generation — Contraded Generation

Fig. 3. Chile: Trading pricesinthe WEM.

PRICE SYSTEM

Thetype of pricing used in Chileis Nodal Pricing.
CNE must cdculate nodal prices at each relevant substation where distribution

companies are @mnneded to the system. Thiscdculationisdore every six months.

Nodal Prices have two comporents: Noda Price for Energy and Nodal Pricefor Pegk

Capadty [9].
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Basic Pricesfor Energy

In order to calculate Nodal Prices for Energy, CNE determine Basic Prices for Energy at

one or more reference substations known as Basic Energy Substations. These
substations are chosen taken into accourt:

» Geographical locaion d margina generators.

» Sedors of the transmisson system where relevant transfers of power occur.

» Demand busbars (busbars where demand is greater than locd offer of energy).

» Loca demand at the substation compared to total demand.

Basic Prices for Energy are then cdculated at the Basic Energy Substations using the

expresson:

M1

(cmG xD, )/(@+T)
R, =L (Art. 275,DS N° 327[10])
(D))/(@+T)

M1

1
P

where:

N correspondto the total amourt of periods of equal duration considered (which its
summation resultsin between 24and 48morths).

T isthe equivalent rate for each period considering an annual capital cost of 10%.
CMG; isthe expeded marginal cost of energy at basic energy substations at periodi
(average system cost of providing an additional unit of energy at the substation
considered, with optimal system operation).

D, isthe expeded demand at periodi.

Expeded marginal costs of energy result from an optimisation that minimises the

summation d the adualised operation and rationing cost during the period d study.
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Basic Pricesfor Peak Capacity

In order to calculate Nodal Prices for Peak Capadty, CNE determine Basic Prices for
Ped Capadty at one or more substations. In order to achieve that, CNE determine the
most econamic units that could provide alditional power during the hours of peak
demand.

The Basic Pricefor Pegk Capadty will be equal to the aanual marginal cost of
increasing system capadty using that type of units. For the cdculation a percentage

equal to the theoretical reserve margin is added to system cgpadty.

Nodal Prices

CNE cdculates Nodal Prices for Energy, at the relevant substations of the dectric
system, multiplying Basic Prices for Energy by an Energy Penali sation Fador.

In the same way, CNE ca culates Nodal Pricesfor Peak Capacity, at the relevant
substations of the dedric system, multiplying Basic Prices for Pegk Capadty by a
Capadty Penali sation Fador.

The cdculation d the penali sation fadors is dore considering the marginal 1ooses of
energy and peak cgpacity transmisson respedively using the econamica adapted
system.

Node prices must fall within 10% of deregulated prices.

Trading of energy between generators

Transfers of energy between generators are dore & spot prices taking into aacourt
marginal cost of energy and marginal cost of pegk capacity.

The marginal cost of peak cgpacity (CMgP) is calculated using:

CMCG

CMgP=
DUPA

where,
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CMCG isthe aanual marginal cost of increasing the adual generating capacity of the
eledric system.
DUPA isthe annual avail ahili ty of the most econamic units that could provide

additional cgpadty during the hours of annual pe&k demand d the dedric system.

The marginal cost of energy isthe arerage system cost of providing an additional unit
of energy at the substation considered, with optimal system operation.
It results from an optimisation that minimises the summation d the adualised operation

and rationing cost during the period d study.

TRANSMISSION TARIFFS

Astransmisson companies’ assts were anstructed through concessons granted by the
Chilean government, the Chilean Electricity Law requires sich companiesto operate the
covered transmisson system on an "open access' basis. New users may obtain aacessto
the system by participating in the investment to expand the system.

Law DFL N° 1[9] alows transmisgon enterprises to receive a income which covers
the long run annuali sed average asts (investment, operation and maintenance) for
eoonamicdly adapted system operations, as well asareturn.

The transmisgontariff has basicdly, two comporents:

1. Marginal revenue.
2. Basictoll.

The margina revenueis the resulting amourt of money for differences between nodi

prices (nodal price d the generator busbar and nodl price a the buyer busbar).

The basic toll results from the summation d the O& M costs and investment costs of the

network involved in the service.

Additiond tolls are paid in the case that the generator asks to withdraw electricity from
nodes diff erent to those ayreed for the basic toll.
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As nedaled, a ammmisgon comprising representatives of both transadion partiesis

formed to solve disputes over the service or fees.

DISTRIBUTION TARIFFSTO FINAL CUSTOMERS

Retail tariffs for regulated end-consumers are obtained by adding the VAD to the node
pricefor energy and capadty. Periodic tariff adjustments acerding to establi shed
criteria ae dlowed for distribution companies to change nodal prices.

The VAD isbased oncosts for amodel distribution enterprise operating in asimilar
type zone (i.e., of similar density and aher fedures) establi shed for 4 year periods
through CNE authorised consultant studies.

The VAD incorporates [9, Article N° 1049:

» Fixed costs for administration, blli ng and customer service expenses.

» Standard investment costs and, operating and maintenance (O& M) costs for
distribution per unit of power suppied.
The aanual investment costs are calculated using the VNR ("Valor Nuevo de
Reemplazo”, in english, New Replacement Value) considering the fadliti es adapted
to the demand, the network life and an annual discourt rate of 10 %.
The VNR for the install ations of a distribution company given in concessonis
defined in Article N° 116 ¢ DFL N° 1[9] asthe ast to renew all the works,
fadliti esand physica goods dedicated to provide the distribution servicein that
concesgon. The VNR isre-calculated every 4 yeas.

* Mea dstributionlossesin power and energy.

The indicated components are cdculated for a spedfic number of standard dstribution
zones determined by the CNE, previous deli beration with the cmompanies. These
standard zones represent distinctive distribution densities (high density, urban, semi-

rural and rural).
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In the Chil ean regulation model [14], there is a hybrid-benchmarking scheme between

different companies. On one hand, groups of companies of similar charaderistics are

compared with amodel company, identified throughtypical zones. Then, the

performance of heterogeneous companies is compared in an integrated manner, with an

asessment of the global adequacy of the industry with asingle standard. In the former

case and through atheoreticd model and through dred comparison, efforts are made to

provide the dficiency signa to similar companies and in the |atter case dforts are made

to produce ahorizontal comparison that fits the theoreticd model with the average

redity of heterogeneous companies.

To prevent atheoretical approach, the regulation spedfies that the st study of the

model company for ead typical zone will be based onan efficiency assumptionin the

investment palicies and in the management of a distributing company operating in the

courtry [9, Article N° 107. Consequently, the analysisislimited to amodel company

that works in an environment similar to the one existing in redity and that it faces the

same restrictions.

The methoddogy to determine the model company and the steps to be followed in the

analysis can be esentialy grouped in four stages[14]:

1. Inthefirst stage, the information d the red company is coll ected and vali dated.

2. Inthe secondstage, the dficient company and its organisation structure is defined
and dmensioned.

3. Inthethird stage, the aosts andtheir al ocationto three fields (high vdtage, low
voltage and customers) are determined.

4. Inthefourth stage, the VAD andthe crrespondng adjustment indexes to be used in
the following four years is determined, together with the identification d spedal

circumstances.

The global rate of returnis st to alevel between 6% and 14% [6]. The pricing
medhanism does nat include ather quality of service isaues or financial penalties.

Set. 2000 24



THE ELECTRIC SYSTEM

Power System overview

Total install ed cgpadty in Chile was 7858MW in 1998[6]. Eledricity generationand
demand were 33417GWh and 29180GWh respedively, which represents 12.7% in
losses. Growth in eledricity demand hes been stealy at 7 % per yea. More than 95%
of the popuation hes eledricity service. Sincethe entrance of the new gas pipelines
from Argentina, most capadty additions have been gas fired combine cycle. Asit was
previously said, the Chilean power network consists of two hig systems, the SIC and the
SING, and also various snall i ndependent systems.

Participants and Degree of Private Sector Participation

Generation

Private generators, including self-generators, represent about 90 % of the nationally
install ed generating capadty. There ae 11 main generating companies, uncer private
(majority) ownership.

Ten private generators suppy eledricity inthe SIC. The largest generator, the
privately owned ENDESA andits subsidiary PEHUENCHE, own over 60 % of the
SIC'sinstal ed cagpadty and suppies 65 % or so of the system's total generation.
GENER isthe seoondlargest generator, with around 1600MW of installed (mostly
thermal) capadty, hdding around 24% of the market. GENER's &ffili ate
GUACOLDA S.A. isbuilding ancther 300MW of cgpadty with COCAR. Thethird
generator is COLBUN-MACHICURA, which owns two hydro stations with a combined
installed cagpadty of 560MW (15 % of the market). Smaller private generatorsin the
SIC include the GUARDIA VIEJA, PULLINQUE and PILMAIQUEN plants.

EDELNOR isaprivately owned verticdly integrated uility with 277MW of install ed

cgoacity. It aso owns (with CODELCO, a mpper mining company) and ogerates the
SING.
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CHILGENER's SING &ffiliate, NORGENER S.A. ownsthe 274 MW Nuevo Tocopill a
plant. The 614MW Tocopill aplant, the largest plant in the SING, belongs to the state
owned copper mining company (CODEL CO) and to a hading company compased of
CODELCO and aprivate ansortium consisting of TRACTEBEL (Belgium),
IBERDROLA (Spain), and ENAGAS (Chile). In early 1996,this consortium bought
the controlli ng 26% interest in the plant through the holding company. ENDESA owns
73 MW of install ed cgpadty in the SING. Like CODELCO, many of the major mining
indwstries located in the SING have mnsiderable self-generating capadty, which they

developed prior to the power sedor reform.

Transmission

TRANSELEC was created as an ENDESA dffiliate in order to own and qoerate the
SIC’s transmisson assts when they were spun df form ENDESA in March 1993. This
new entity aimed to provide more transparency and all eviate concerns abou the
generator's potential for self-dealing transmisgon accesson a priority basis.
TRANSELEC's sharehalders wereinitially the same & ENDESA s sharehadlders, bu
are evolving independently over time with changing investor interests.

EDELNOR, through its subsidiary, SSTRANOR, owns and operates the transmisson
system of the SING.

Retail Distribution

There ae atotal of 23 dstribution uiliti esin Chile. ENERSIS is the holding company
for thelargest distribution uility, CHILECTRA, which serves the Santiago
metropditan area(roughly 40 % of the total retail market). CHILECTRA and
CHILQUINTA arethelargest of the 17 investor-owned distribution tiliti es operating
inthe SIC. There ae dso very important companies like CGE, EMEL and SAESA
which have been growing up very fast spedally geographically over their concessons.
EDELNOR and two small er distribution uiliti es provide distribution servicein the
SING.

Generdly, small verticdly integrated companies under private ownership provide
distribution servicein the small er, isolated systems (EDELAY SEN, EDELMAG).
There ae dso threesmall municipa utiliti es and afew electric co-operatives sipdying

retail eledricity servicein remote arees.
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Sectors problems after de-regulation

Some observations have been made on the problems arisen after de-regulation [6]:

There ae doulis regarding the independence of the CNE because of Ministerial
invalvement, insufficient staffing and expertise, and also because the regulatory role
of the CNE is not absolute depending on the Ministries and the SEC.

In addition, the regulatory agencies facedifficulties in oltaining the necessary level

of detail ed information from sedor enterprises, particularly regarding costs, which

may cause difficultiesin their ability to perform eff ectively onissues deding with
pricing and competition.

Asthe long-term projections srowed areductionin the node prices, bah in the SIC

andin the SING, generators began to be cncerned regarding their investments.

There is concern abou competition and the feding that greater competition could

lead to deaease benefits. These limiti ng factors on competition utimately have an

impad on rew investments, econamic cost of service, quality of service and end
consumer options and frices.

For instance, limiti ng fadors include:

- ENDESA “s market power, as asingle generator has been too overwhelming,
representing more than 60% of the capadty and 65% of the generationin the
SIC.

- The eclusion d smaller generators as members of the CDEC committee(e.g.,
inthe SIC, only the 5 largest generators are represented) has raised ather isaues
onfair competition, pricing and rulemaking.

- The ouging of the ownership and operation d the main transmisgon system
with ENDESA"s dominant generating cgpacity has led to major concerns abou

the transparency and fairnessof ENDESA"s marketing and whedi ng terms.

The pricing in the de-regul ated market, representing abou 27 % of total demand, is
seen as being constrained by the regulated buk power prices, whereas the node

prices canna vary by more than 10% of the de-regulated prices.
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