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ABSTRACT

In thiswork areview over the technical and commercia issues of embedded generation
in the new Eledricity Supdy Industry isdone. Some of the problems that the present
arrangements have in reaognising the red value of embedded generation are analysed
and some dternatives presented, based onpreviousworksin this area

The particular cases of Argentina and Chile are studied. A description d the regulatory
frameworks of bath courtriesis dore and a aiticd analysis of that frameworks with
resped to embedded generation is presented.

In addition, a study of the present degreeof penetration d embedded generationin the
Argentine and Chilean networksis presented.
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CHAPTER 1

BACKGROUND

11 FRAMEWORK: THE NEW ELECTRICITY SUPPLY
INDUSTRY (ESI)

For ahurdred of years eledricity andits delivery were thought to beinseparable. Since
the late-1980s and ealy-199(s things began to change. Dueto diverse reasons[26]
both developed and devel oping courtries began to abandon the ideaof an electricity
industry verticdly integrated to adopt a new model that all ows competition and choice
in eledricity. Theideaof commercial 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

15



competitionin the Eledricity Supgdy Industry (ESI) has being taking placein many

courtries aroundthe world.

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

Restructuring refers to changes in structure. It isabou commercia arrangements for
selling energy: separating a “unbunding’ integrated industry structures and
introducing competition and choice

Privatisationis a dhange from government to private ownership, andisthe end-paoint of

a ontinuum of changesin ownership and management.

It can be cnsidered that there ae four basic ways to structure an eledric industry and
threedifferent posghiliti es of ownership and management. [12]

In the case of structure the models are defined by the degreeof competition:

* Mode 1: No competitionat all.

* Modd 2: Requiresasingle buyer or purchasing agency to choase from a number of
different producers, to encourage competitionin generation.

* Modd 3: Allowsdistribution companies to choose their supgier, which brings
competition into generation and wholesale supply.

* Modd 4: Allowsall customersto choose their supgier, which impliesfull retail

competition.

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

* Firstlevel: The ESI isagovernment department, with noseparate accourts, and
often with resporsibiliti es that are only remotely conreded to eledricity production.

* Semndleve: TheESI isadistinct government-owned company, or nationali sed
industry.

* Thirdlevel: The ESI isaprivately owned industry.

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

16



different posshiliti esarise. A matrix of structure and onvnership/management results

as diowninFig. 1.1.

STRUCTURE

o Modd 1 Modd 2 Model 3 Model 4
w
N Government
E ownership
F;' Public Eng. & Wales_|
: Argenti I
M corporation rgﬁ?l "ana\
Q Private Argentina [ Eng. & Wales
A corporation Chile
G.

Fig. 1.1. Structure and avnership/management matrix.

The horizontal axis is competition and choice the vertical axisis the 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 ourtries of theworld have dectric industries all over this matrix. Many are
moving from one placeto anather, bu al the movement isfrom topto batom, and
from left to right: areductionin government control, and an increase in competition
and choice

In Fig. 1.1the cases of U.K., Argentina and Chileis represented.

In the whole processprices take afundamental place & they must expressred or true
costsin order to make ampetitivenesswork. If the market was perfed, the interaction
of market forces would leal to setting the optimum assgnment of resources. However,
the dharaderistics of the ESI and the fad that transmisson and dstribution are natural
monopdi es makes the presence of a Regulator necessary. The Regulator hasto

establi sh the planning principles, the standards and the tariff structures that asaure

17



competition be életo work. Inorder to dothat the true astsinvoved must be very

well known and unarstood.

1.1.1 TheNew Electricity Supply Industry in Argentina

INDUSTRY STRUCTURE

Law N° 24065 6 January 1992(Energy Act) [20] dividesthe dedricity industry into
threesectors. generation, transmisson and dstribution.

The generation sedor is organised ona mmpetiti ve basis with independent generation
companies lling 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 perties accessto the transmisgon systems they own and are authorised to
colled atoll for transmisson services. Transmisson companies are prohibited from
generating or distributing eledricity.

Distributioninvalves the transfer of eledricity from suppdy points of transmittersto
consumers. Distribution companies operate a geographic monopadies, providing
serviceto amost al consumers within their spedfic region.

Accordingly, 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 users aredivided [2,
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 reades customers.

18



Generation companies <l their eledricity to dstribution companies and aher large
usersin the mmpetitive WEM through suppy contrads or in the spot market at prices
set by CAMMESA (* Compariia Adminsitradora del Mercado Mayorista Elédrico
Sociedad Anénma’, in english, Wholesale Eledricity Market Operator Company).
CAMM ESA sharehdders are the generation, transmisgon and dstribution companies,
large users (through their respedive asociations) and the SE (* Seaetaria de Energia’,

in english, Seaetariat Energy).

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

The cntractua 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 seasondl priceisthe pricepaid by distribution companies for electricity from the
pod andisafixed pricereset every six months by CAMM ESA and approved by the SE
acordingly to suppy, demand, avail able capacity and aher fadors. The seasonal price
ismaintained for at least 90 days. Theredter, CAMM ESA updates assumptions
underlying the models employed to establi sh the seasonal price based 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 seasonal price
through aresolution.

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

generation.

The adual operation & CAMMESA 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 cgpadty 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 spat prices.

19



In Fig. 1.2,the various possbiliti es of trading electricity in the WEM are shown [3].
The diagram also shows how the imbalances are traded in the market.

Contraced generation Contraded demand

v

Independent
Gener ator

Largeuser

ADem

V\AAGen

Actual
Generator

without
contracts

Seasonal\ Demand

: —»{ Distco without
Dispatched nodal

. . contracts
Generation price
A{G'en ADem
Independent
generators
Distco with
contract
Contraced generation Contraded demand f

ADem= Actual Demand —Contraced Demand
AGen= Actua Generation — Contraded Generation

Fig. 1.2. Argentina: Trading pricesin the WEM.

Thereis a Stabili sation Acoourt 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

The type of pricing used by the Argentine WEM is noddl pricing.

At ead nadethereisapricefor the energy and apricefor the capadty [2, 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 Faaor).

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

The FN at nocki iscdculated as:;

d(Losse}

FN; =1
= d(Pdi)

where:

d(Losse}

a(Pd) is the derivative of the system transport losses (Losses) with resped to

the power demanded at nodei (Pdi).

In order to calculate the FN at node i a power flow programmeis used simulating a
unity variation o demand at i (d(Pdi)) and calculating the variationin system losses
(d(Losse}). The slack busbar for this cdculationisthe WEM node (market place) or the

market locd node (“centre of load masss’ ) for an areanat eedrically 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 nodeis caculated
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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, isthenoddal fador of nodei with resped to the WEM noce.
FNL, isthenoda fador of nodei with resped to the locd market noce.
FNL isthenodd 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 nodal factorsin aacordanceto
[2, 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 losss), evaluated
at the market place In addition, no@dl fadors represent the loases marginal cost

asciated to the link between the market place and the node.
FA isdefined astheratio between the pricefor the caacity at nodei andthe pricefor
the caacity at the WEM node, when nocei islinked to the WEM node without

constraints.

The aaptation fador for anode i takes into account the reliabili ty of the link between

the market place and nocki.

Dueto failures in the transmisgon retwork, consumers at diff erent nodes may

experience aitsin the power supgied. This stuation produces an increment in
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marginal prices at those nodes when considering the value of ENS (Energy Not
Supdied).
The FA at nodei considers the over-costs produced to the mnsumers at the receptor

nodes when afail ure in the transmisson system occurs.

Two types of failures are wnsidered:
* Long durationfail ures.

¢ Short duration fail ures.

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

e SCLD | (* Sobreaostos producidos por fallas de larga duradon en dtatension de
unalineal”, in english, Over-costs produced duweto long durationfaluresin HV of a
linel).

* SCCD_| (“Sobrewstos producidos por fall as de corta duracion en atatension 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 each linel. These over-costs are calculated averaging the expeded

over-costs for the next four seasonal periods, as foll ows,

Y ,SCLDE_I,p
SCLDE_| =4&*
2
> ,SCCDE_I, p
SCCDE_| ==*
2
where,

SCLDE_1, p isthe over-cost due to large durationfail ures of line | during seasonal

period p cdculated in accordanceto [2, Annexe 3, Item 3.1.]].
SCCDE_I, p isthe over-cost dueto short durationfailures of line | during seasonal

period p cdculated in accordanceto [2, Annexe 3, Item 3.1.9.
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Note: Each seasonal period corresponds to a6 month period. Oneisthe summer

seasonal period and the other is the winter seasonal period.

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

(SCLDE_I + SCCDE_|)
(PMPT_1 NHFV)

IPCONST_I =

where,
NHFV are the number of nonvalley hours during the working days in the two seasonal

periods considered.

PMPT _| isthe arerage power linked through linel, cdculated in accordanceto [2,

Annexe 3, Item 3.1.3.
The pricefor capacity at node i ($PPAD:I) is cdculated adding the total over-price &
nocei dueto transmisgon system reli abili ty to the pricefor capacity at the market

($PPAD):

$PPADi = $PPAD+ ZI IPCONSTI_|

where,

IPCONSTi_| isthe over-price dueto transmisson system reliability at nodei. When line

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

Then, using the previous definiti ons, the alaptation fador at nodei is caculated as

foll ows,
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3 IPCONSTIl
+ -
$PPAD

FAi =1

Payments to generators

Generators are paid for the energy produced when dspatched and also for the cgpaaty
made avail able and accepted by CAMMESA.

The payments the generators recave for the houly energy is given by the marginal cost
of producing and transporting the next MWh to the market place Thus, generators
receve, for the energy produced, the noddl price & the busbar they are mwnreded to.

During the weeks with failurerisk an overpriceis paid (SPRF) for the energy generated
during the working days at peak hous[3]:

SPRF= %Sx(CENs— PM)

where:

SPRF isthe overpricedue to fail ure risk
ENS isthe probable energy not supgied.

D istheforecasted demand.

CENS isthe st of the energy nat supdied.

PM isthe market price

The payments for cgpadty are done 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 is paid to al the avail able generators scheduled and to al the

generators that provide reserve.
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Seasonal Pricesfor Distcos

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

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 duing the first 3 months of the period. If at the end d the
trimester there ae differences with respect to the origina hypothesis considered in the

Seasona 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 service quality
agred, the reserve requirements and corresporndent costs are obtained.

The result of the Seasonal Programming is the price of energy for each Distco,
determined for each tariff period; e.g. pek, valley and remaining period. These prices
are the weighted averages, for each 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 SFRF over the period, the cgadty
payments for the Distco in the seasonal period may be calcul ated.

The seasonal pricefor the capacity of each Distco is defined as a fixed 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.
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The tariff for distribution companies consists in two terms:
e an unque energy price for ead tariff periodfor the whole semester.

» afixed charge for capacity.

TRANSMISSION TARIFFS

The transmisgontariff that must be paid by entities engaged in generation and

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

1. A conredion charge that underwrites the @sts of operating the equipment that links
them to the transmisgon 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 anount 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

Retall tariffsfor the biggest distribution companies (EDENOR, EDESUR and
EDELAP), which represent the 44 % of the dedricity market, are establi shed by
indexed rate formulas in their concesson contrads for an initial five-year period.
They are based onthe sum of the noddl price andthe VAD (“Valor Agregado cela
Distribucion”, 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 parallel levels of risk.

Penalties are gplied for failure to med establi shed quality of distribution service

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

criteriaoncethe five-year periodis over.

Provincial authorities st tariffsfor distribution iliti esin their jurisdiction acrding to
eoonamic aiteria promoted by sector reforms at this level. Before the reforms, retail
tariffsin the provinces have historically been subjeded to a pdliti cd, rather than an

eoconomic 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 [29]. Eledricity consumptionin
that same yea was 64711GWh growing 5 % from the previous year [17].

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

Eledricity service mvers around 95% of the total popuation, bu the level of
eledrificationinisolated areasis only around 70% [17].

The MEM (“Mercado Elédrico Mayorista’, in english, Wholesale dedricity market) is
the largest system in the wurntry with atotal installed capadty of 19271MW in 1998
[29].

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[29].

Participants and Degree of Private Sector Participation
Generation

There ae aurrently forty generating companies in the MEM and four in the MEMSP.
Except for bi-national projeds (Y adreta, Salto Grande), the commercial nuclear
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enterprise (ENASA), and minor plants owned by provincia utiliti es and co-operatives,
virtually all generationin the country isin private hands. Foreign investors hold a
major ownership stake in these units. There ae dso various co-generators and auto-

generatorsin bah regions.

Transmission

The transmisgon adivity in Argentinais subdvided into two systems. The High
Voltage Transmisgon System (STEEAT), which operates at 500 R/ and transports
eledricity between regions, and the regional transmisson 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, andfiveregional companies are
located within the STEEDT (TRANSNOA, TRANSNEA, TRANSPA,
TRANSCOMAHUE and DISTROCUY Q). In additionto these mmpanies, there ae
also provincia transmisson companies and independent transmisson companies.

These cmmpanies operate under atedhnicd 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, Cordobs,
Mendaza, Formosa, Santiago del Estero, Tucuman, 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 @wurtry.
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Sectors problems after de-regulation

Some observations have been made on the problems arisen after de-regulation [17]:

Some confusion and ladk of confidenceregarding the aili ty of the arrent
transmisson pricing system’s abili ty to provide incentives for new investment in
cgpacity isa aiticd issue of debate. The transmisson system has experienced some
battlenedks, bu the regulatory entity has nat yet aduate to al ocate the resporsibili ty
for expansion a all ocae costs among the relevant interest groups. Therefore,
investors are reluctant to buld new fadliti es. The SE has established afundto
suppat an emergency expansion d the system to reli ef the immediate presaure.
Theimpad of sustained, low spat prices onthe wholesale market may have a
negative impad on generating companies” financial health and interest in new
investments because the capadty charges may not adequately reflect long run
marginal costsfor supdy. Nevertheless this condtionwill disappea if demand
increases, including export to ather courtries.

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

The prolonged blackout that has occurred in Buenos Aires have raised questions
abou the operating condtions of the privatised dstribution companies. The
oversedang and penalty procedures affeding the distribution companies shoud be &
strict as possble, guaranteeing that the amncessons are foll owing the contracts that
they signed.
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1.1.2 TheNew Electricity Supply Industry in Chile

INDUSTRY STRUCTURE

Law DFL N° 1from 1982(Energy Act) [22] dividesthe dedricity industry into three
sedors. generation, transmisgon and dstribution.

There is competition in generation bu 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 (“ Comisién Nadonal de Energia’, in english, National Commisson d Energy)
has authority to set tariffs and nale prices and to prepare the Indicative Plan, a 10 year
guide for the expansion strategy of the dectric system.

SEC (“ Superintendencia de Eledricidad y Combustibles’, in english, 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 nock prices st
by CNE and regulates the granting of concessons to electric generation, transmisson

and dstribution companies.

The sedor isamost completely unbunded verticdly and horizontally, thoughlegally
the functional separation d commercial activitiesis not required. However, major
concerns persist regarding haizontal and vertical integration[17]. The ownership of
the SIC (“ Sistema Interconedado Central”, in english, Central Interconneded System)
isunder a orporate entity, TRANSELEC, which has the same sharehdders as
ENDESA, the largest generator in the region. In addition, ENERSIS, the halding
company for the largest distribution company in Chile, owns around 25% of
ENDESA’s dares.
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DISPATCH AND PRICING

The Chilean paver network consists of two systems, the SIC, which includes the capital
Santiago and its surroundngs, and the SING (“ Sistema Interconedado del Norte
Grande’, in english, Greda Northern Interconneded System), which supgies the mining
regionin the north. These two systems are nat interconreded to each ather and the SIC
has approximately three times the install ed cgpaaty of the SING. There ae dso
various snall i nterconreded systems in 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 @rrespondng 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. Ead 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 supdy 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 cagpaaty in the
spot market at any time depending uponits contradual requirementsin relation to the
amournt of eledricity from such company to be dispatched. Purchases and sales madein
the spat market are traded at the “ spot marginal cost” of the interconneded system in
which the companies are locaed, which isthe marginal cost of the last generation
fadlity to be dispatched.

Sales to distribution companies for resale to regulated customers (customers which
demand for cgpacity is equal or lessthen 2 MW) must be made & the nodal seasond
prices. Two nada prices are paid by distribution companies. nodd pricesfor pegk

cgpacity and nodil pricesfor energy.
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Nodal pricesfor peak cgpadty and energy consumption are establi shed every six

months.

Sales to urregulated customers (customers with demand for cgpacity 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. 1.3,the various possbiliti es of trading electricity in the WEM are shown. The

diagram also shows how the imbalances are traded in the market.

Contraced generation Contraded demand

v

Unregulated
Customer
(P>2MW)

I ndependent
Generator

Regulated
customer

Generator (P<s2MW)

without

Distribution
company

Gemeration

AGen= Actua Generation — Contraded Generation

Fig. 1.3. Chile: Trading pricesinthe WEM.

PRICE SYSTEM

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

companies are @mnneded to the system. This cdculationisdone every six months.

Nodal Prices have two comporents. Nodal Price for Energy and Nodal Pricefor Pegk
Capadty [22)].
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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 dosen taken into accourt:

» Geographical locaion d marginal generators.

* Sedors of the transmisgon system where relevant transfers of power occur.

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

* Local demand at the substation compared to total demand.

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

expresson:

1l
P4

S (CMGxD, )/(@+T)
p, =fL (Art. 275,DS N° 327[23))

S (0)(a+T)

ML

{0l
i

where:

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

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 ogtimisation that minimises the

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

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

The Basic Pricefor Pe&k 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 cgpaaty.

Nodal Prices

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

In the same way, CNE cdculates Nodal Prices for Peak Capacity, at the relevant
substations of the dedric system, multiplying Basic Prices for Pe&k Capadty by a
Capadty Penalisation Fador.

The cdculation d the penalisation fadors is done considering the marginal | ooses of
energy and pedk cgpacity transmisson respedively using the econamicd adapted
system.

Node prices must fall within 10% of deregulated prices.

Trading of energy between generators

Transfers of energy between generators are dore & spat prices taking into accourt
marginal cost of energy and marginal cost of pe&k capacity.

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

_ CMCG

CMgP
DUPA

where,
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CMCG isthe annual marginal cost of increasing the atual generating cgpacity of the
eledric system.
DUPA isthe annual avail abili ty of the most econamic units that could provide

additional capadty during the hours of annual peak 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 oggimal system operation.
It results from an optimisation that minimises the summation d the aduali sed operation

and rationing cost during the period d study.

TRANSMISSION TARIFFS

Astransmisson companies assts were anstructed through concesgons granted by the
Chilean government, the Chil ean Electricity Law requires sich companies to 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[22] al ows transmisson enterprises to receive an income which covers
the long run annuali sed average @sts (investment, operation and maintenance) for
eoonamicdly adapted system operations, as well asareturn.

The transmisson tariff has basicdly, two comporents:

1. Marginal revenue.

2. Basictall.

The marginal revenueis the resulting amourt of money for differences between nodi
prices (nodkl price d the generator busbar and nodl price d the buyer busbar).

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

network involved in the service.

Additional toll s are paid in the cae that the generator asks to withdraw electricity from
nodes diff erent to those agreed for the basic toll.
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As nealed, a mmmissgon comprising representatives of both transadion partiesis

formed to solve disputes over the service or fees.

DISTRIBUTION TARIFFSTO FINAL CUSTOMERS

Retall tariffsfor regulated end-consumers are obtained by adding the VAD to the node
pricefor energy and capadty. Periodic tariff adjustments acarding to establi shed

criteria ae dlowed for distribution companies to change nodal prices.

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

The VAD incorporates [22, Article N° 104:

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

¢ Standard investment costs and, ogerating and maintenance (O& M) costs for
distribution per unit of power supgied.
The annual 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[22] asthe st to renew al the works,
fadliti esand physicd goods dedicated to provide the distribution servicein that
concesson. The VNR isre-calculated every 4 yeas.

 Mean dstributionlossesin pover and energy.

The indicated components are cdculated for a speafic number of standard distribution
zones determined by the CNE, previous deli beration with the companies. These
standard zones represent distinctive distribution densities (high density, urban, semi-
rural andrural).
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In the Chil ean regulation model [28], 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

asesgnent 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 signal to similar companies andin the latter case dforts are made

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

redity of heterogeneous companies.

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

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

investment pali cies and in the management of a distributing company operating in the

country [22, 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 stepsto be followed in the

analysis can be essentially grouped in four stages[28)]:

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 costs andtheir al ocaionto three fields (high vdtage, low
voltage and customers) are determined.

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

circumstances.

The global rate of returnis %t to alevel between 6% and 14% [17]. The pricing

mechanism does naot include ather quality of service isaues or financia penalties.
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THE ELECTRIC SYSTEM

Power System overview

Total installed cgpadty in Chile was 7858MW in 1998[17]. Eledricity generation and
demand were 33417GWh and 29180GWh respedively, which represents 12.7%in
losses. Growth in eledricity demand has 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 abou 90 % of the nationally
install ed generating capadty. There ae 11 main generating companies, uncer private
(majority) ownership.

Ten private generators suppy eedricity inthe SIC. The largest generator, the
privately owned ENDESA and its subsidiary PEHUENCHE, own over 60 % of the
SIC'sinstall ed cgpadty and supgies 65 % or so of the system's total generation.
GENER isthe semondlargest generator, with around 1600MW of install ed (mostly
thermal) capadty, hdding around 24% of the market. GENER’s affili 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 utili ty with 277MW of install ed
cgpacity. It also owns (with CODELCO, a mpper mining company) and operates the
SING.

CHILGENER's SING &ffili ate, NORGENER S.A. ownsthe 274 MW Nuevo Tocopill a
plant. The 614MW Tocopill aplant, the largest plant in the SING, belongs to the state
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owned copper mining company (CODELCO) and to a holding company composed of
CODELCO and a private mnsortium consisting of TRACTEBEL (Belgium),
IBERDROLA (Spain), and ENAGAS (Chile). In early 1996,this consortium bought
the antrolli ng 26% interest in the plant through the holding company. ENDESA owns
73 MW of installed cgpadty in the SING. Like CODELCO, many of the major mining
industries 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 &ffili ate in arder to own and qperate 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 transmisson accesson apriority basis.
TRANSELEC's sharehoders wereinitially the same & ENDESA s sharehadlders, bu
are e/olving 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 tiliti esin Chile. ENERSIS is the holding company
for the largest 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 speaally geographically over their concessons.
EDELNOR and two smaller distribution iliti es provide distribution servicein the
SING.

Generally, small verticdly integrated companies under private ownership provide
distribution servicein the small er, isolated systems (EDELAY SEN, EDELMAG).
There ae dso threesmall municipal utiliti es and afew electric co-operatives sipdying
retail eledricity servicein remote areas.
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Sectors problems after de-regulation

Some observations have been made on the problems arisen after de-regulation [17]:

There ae doulds regarding the independence of the CNE because of Ministerial
involvement, insufficient staffing and expertise, and also because the regulatory role
of the CNE is nat 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 abili ty to perform effectively onissues deding with
pricing and competiti on.

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

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

There is concern abou competition and the feding that greater competiti on 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 fadorsinclude:

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

- The exclusion d small er generators as members of the CDEC committee(e.g.,
inthe SIC, only the 5 largest generators are represented) has raised ather issues
onfair competition, gricing and rulemaking.

- The wmuging 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 wheding 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 cannd vary by more than 10% of the de-regulated prices.
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1.2 EMBEDDED GENERATION (EG)

CIGRE defines Embedded Generation [6] as the generation which has the foll owing
characteristics:

e Itisnat centraly planned

* Itisnat centraly dispatched at present

* Itisusualy conrected to the distribution retwork

e Itis gnaler than 50-100MW

In this project we are going to consider Embedded or Dispersed or Distributed
Generation all that generation which is diredly conneded into the distribution network
instead of the transmisson retwork. Thisisthe same definition that isused in [15].

CENTRAL
GENERATORS

INTERCONNECTED
TRANSMISSION NETWORK

DISTRIBUTION
NETWORK

e

L oads Embedded L oads
Generator

Fig. 1.4. Embedded Generation.
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Examples of EG are CHP (Combined Heat and Power) plants (also knowvn as co-
generation dants), wind energy conwverters, hydro paver stations, Photo-voltaic
systems (PV), fuel cdlsand Ho-massplants.

Usual power levelsfor this plants are from 2 KW to 100MW.

In the past, before the nstruction d big transmisson retworks covering large aess,
al generation was embedded in distribution retworks.

Then the situation changed, big generation dants were constructed and large
transmisson retworks were built i nterconneding generators and consumers.
Econamies of scdeinvaved in constructing large generation dants influenced this
process In addition, the presence of atransmisson system gave more reliabili ty and

quality of suppy.

Today we have an eedricity industry which haslarge ad strong transmisson
networks. However, in the last decades, the propation d EG in the networks has been
growing up.

Information provided by CIGRE shows that the percentage of EG in Denmark reat
37 % andin Netherlands 40 %. In ather courtries of Europe, the propation d EGis
clealy lessthan 15%. SeeFig. 1.5.
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Fig. 1.5. EG in Europe.
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Thereis an interest of governments to increase the anourt of clean energy. Thistakes
the form of government schemes which promote renewable generation. In many cases,
the result are anbedded renewable generation (ERG) plants.

In addition, interest in oltaining high owerall efficiencies, for example throughCHP
plants, may be observed. Theresult are m-generation dants embedded in distribution

networks.

The Working Group 37.23 6CIGRE [6] has simmarised the reasons for an increasing

share of EG in dfferent courtries. The aspectsincluded in the report are the foll owing:

* EG nowadays have mature techndogy that isreadily available and moduar in a
cgpacity range from 100 RV to 150MW.

* The generation can be sited close to customer load, which may deaease
transmisson costs.

o Sitesfor smaller generators are easier to find.

* Nolarge and expensive hea distribution systems are required for locd systems fed
by small CHP-units.

» Natural gas, which is often used as fuel for EG, is expeded to bereaily avail able
in most customer load centres and is expeded to have stable prices.

* Gasbased unts are expeded to have short lead times and low cagpita costs
compared to large central generation fadliti es.

» Higher efficiency is achievable in co-generation and combined cycle configurations
leading to low operational costs.

» Politi cdly motivated regulations, e.g. subsides and high reimbursement tariffs for
environmentally friendy techndogies, or puldic serviceobligations, e.g. with the
aim to reduce CO, —emissons, lead to econamically favourable wnditions.

e Insome systems EG competes with the energy price paid by the cnsumer withou
contributing to o paying for system services, which leads to an advantage of EG in
comparison to large generation fadliti es.

» Financial institutions are often willi ng to finance EG-projeds snce eonamics are
often favourable.

* Unbunded systems with more @mmpetition onthe generation market provide

additional chances for industry and ahersto start a generation business
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o Customers demand for “green powver” isincreasing. (It isaso interesting to read
[13].)

On the other hand, the growth of EG has led to concerns abou the impad on the
network of high levels of EG penetration. These mncernsinclude aspeds related to
stabili ty, vatage control, pover quality, protedion and seaurity of the overal system.
In addition, dstribution companies are concerned with regard to the nature of their
networks, which were designed for customers which consume dectricity rather for
customers which generate electricity.

These isuues will be aldressed in Chapter 2.

From the commercia point of view, considering the framework of a competitive ESI,
EG bemmes abig question. Is EG competitive? Does the present network practices
and eledricity tariffs dructures consider the real value of EG?

InFig. 1.6., pesent tariffs at different levels of the ESI in U.K., Argentina and Chile ae
shown.

The diff erence between wholesale dectricity market prices and retail prices of

eledricity are, for the different courtries considered, the foll owing:

U.K. Ap 04.5 p/ kwh
Argentina Ap 4.3 p/ kWh
Chile Ap [03.9 p/ kWh

The network charges diredly measure the relative grade of competiti venessbetween
central and EG.

Transmisgon and dstribution retworks, together with the supdy businessare
resporsible for the difference of prices (Ap). Eledricity produced by central generation
requires transmisson and dstribution retworksto read its consumers, while EG, often
located closer to loads, requires lesstransporting faciliti es.
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UK

Central Generation

02 p/ kWh

@

Transmission

HV Distribution

MV Distribution

LV Distribution

065 p/ kWh (2)

ARGENTINA

CHILE

Central Generation

02 p/ kWh
©)

Central Generation

02 p/ kWh

Transmission

(5)

Transmission

HV Distribution

HV Distribution

MV Distribution

MV Distribution

LV Distribution

06.3 p/ kWh (4)

LV Distribution

05.9 p/ kWh (6)

Notes:

(1) Source [37).
(2) Source [37).
(3) Source [3€6].

1£=16USD

(4) Source [CIER]. Buenos Aires, EDESUR, taxesincluded.

(5) Source [38].

(6) Source [CIER]. Santiago de Chile, CGE, taxes included.

Fig. 1.6. Prices at different levels of the ESI in U.K., Argentina and Chile
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Consequently, eledricity produced by EG may have ahigher value than that produced
by central generation.

However, it depends onthetariffs gructures how much of that Ap is EG allowed to
colled. Asreveded in [32], the issue of competiti venessof EG is anetwork pricing
problem. Asaresult, it is of magor concern to study and know the real value (costs and
benefits) of EG andto analyse how good das the tariffs gructures of the ESI consider
that value.

These aspects are aldressed in Chapter 2.
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CHAPTER 2

COMMERCIAL AND TECHNICAL
|ISSUES OF EMBEDDED GENERATION

In the new ESI pricestake afundamental place a they must expressreal or true @stsin
order to make competitivenesswork. If the market was perfed, the interadion d
market forces would lead to setting the optimum assgnment of resources. However, the
characteristics of the ESI, and the fad that transmisson and dstribution are natural
monopdi es, makes the presence of a Regulator necessary. The Regulator hasto

establi sh the planning principles, the standards and the tariffs dructures that asaure
competition be életo work. In order to dothat, the true wstsinvoved must be very

well known and unabrstood.
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When considering EG, the identificaion d the true msts mentioned above and their
reflection in the planning and tariff s arrangements determines its competiti veness

There ae some aspeds of EG in which it isimportant to think abou when considering
its participation in a competitive dedricity market. We ae going to call this aspeds:
commercia and technical issues of Embedded Generation.

Theideaistrying to identify the true value of EG invalved in all these aspects.

In this project, we are going to analyse the foll owing commercial and technicd issues:

1. Commercial issles:

* Allocaion d losss
+ Conredion costs

o Externdities

2. Tednicd issues:

* Voltageregulation pradice

* Power quality

* Protedion and stabili ty

* Methods andtodls used in network planning and design

2.1 COMMERCIAL ISSUESOF EG

Asitisreveded in[32], the adua approaches for distribution pricing have been
developed for users who take power from the network rather than for users who injea
power into the network. This meansthat EG isignored. Theimpad of EG onthe
networks (costs and benefits) is very site spedfic, it variesin time, it depends onthe
avail abili ty of primary sources (e.g. wind a light when considering for example ERG),
onthe size of the plant, the proximity of the load and the characteristics of the network
where the plant is conreded. That iswhy the use of simplistic tariff structures which
for example average network charges aaosscustomer groups are not adequate to
capture the spatial and temporal variations of EG costs and consequently do nd reflect
the eonamic impad of EG onthe distribution retwork.
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A complete development of new tariffs that recognise the spedfic location d EG andits
impad on paver system operating and capital costsis proposedin[32].

In addition, for the case of ERG, there is anather aspect that tariffs sroud consider that
are the environmental externalities. Asdiscussed in[15] externaliti es have been defined
as“ benefits or costs, generated as a byproduct of an econamic activity, that do nd
acaue to the parties, involved in the adivity”. Generally, no drect commercial value
attaches to the dean plant as it does not receve higher payment than ather more

polluting plant.

In this Chapter the main questions related to the cmmmercial issues of EG are aldressed,
the general practices andits inadequades are reviewed and some dternatives are
proposed based on[32].

2.1.1 Allocation of losses

INTRODUCTION

The presence of EG in the network alter the power flows and consequently the network
losses. The method wsed for the dlocaion d the st of losses will necessary have a

grea impad onthe partiesinvaved.

We ae going to take & hypothesis that the ided scheme for all ocaing losses $oud

fulfil the following requirements [32]:

* Econamic dficiency. Losses must be dl ocaed so asto reflect the true aost that
eadt user imposes on the network with respect to cost of losses.

» Acauracy, consistency and equity. The lossall ocaion method must be accurate and
equitable, i.e. must avoid or minimise aoss sibsidies between users and between
different times of use. Furthermore, the method must be consistent.

* Must utili se metered data. From apradicd standpdnt, it is desirable to base

dlocaion d losses on adual metered data.
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* Must besimple and easy to implement. In order for any proposed lossall ocaion
methodto find favour, it isimportant that the methodis easy to understand and
implement.

REVIEW ON CURRENT ALLOCATION OF LOSSESMETHODS

Sincethe alvent of competitive dedricity markets, several schemes have been

propased for evaluating and compensating for looses.

For instance, contributions methodis based onthe assumption d propationality to
determine the proportion d the adive power flow in atransmisson line cntributed by
eadt generator. This propation d line useis used to evaluate the losses all ocated to
eadt generator. Thisisthe ideabehind the Substitution method, which ends cdculating
LossAdjustment Fadors (LAFs). LAFs arethen used to grossup demand a generation
to the Grid Suppy Point (GSP) to acount for losses.

Looking to ou hypathesis, this methodfail s to satisfy the eonamic eficiency objective
becaise it determines the share rather the impact of each generator on each line flow.
Asaresult, nomessages are given to users regarding the @sts they impaose onthe
system.

There ae other proposed methods, such asthe Marginal LossCoefficient method (MLC
method) and the Dired LossCoefficient method (DLC method) [32].

Thefirst oneis based onShort-Run Marginal Cost (SRMC) pricing all ocating marginal
losses. MLCs measure, by definition, the change in total adive power losses dueto a
marginal change in consumption a generation d adive power P and readive power

Q a ead nadei in the network. MLC method achieves econamic efficiency (under the
hypothesis, widely accepted, that SRMC pricing achieves that objective). On the other
hand, the method reeds revenue reconcili ation (the losses calculated from MLCs turn

out to be greder than actual lossesincurred in the network).

The secondmethod, DL C method, all ocaes total lossesinstead of marginal |0sEs.
DLC methodrelates losses directly to nadal injedions. The objedive of the methodis

to derive arelationship such that losses can be expressed drectly in terms of injedions.
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Due to the complexity of AC load flow equations and their solution by iterative
procedures, a dosed form solution for lossesis not feasible. In addition, the formula
used to compute losses contains system state variables whose values are only known
after the load flow solution has converged. The main ideaof the methodis that losses
are dmost quadratic function d the power flows. Hence, the losses are estimated using
Taylor series expansion aroundtheinitial operating pant. The operating paint is
defined in terms of state variables V and 6 with P and Q representing the crrespondng
nodal power injedions. The assumptions and approximations made in the cmputation
of dired losscoefficients give rise to small diff erences between the losses cdculated
from the gplicaion d DLC s and those calculated from load flow. However, in
contrast to MLC “sthere is no fundamental requirement for reconcili ationin the case of
DLC’s.

Substitution method.

In order to clarify the idea behind the substitution method and anayse its problems, we

are going to consider the same example a proposed in [32].

Let us consider the foll owing simple distribution retwork:

D2/200kw

i .

| 2r + j2x ﬂrﬂx B r+jx

D1/200kw
G/ 400kw

Fig. 2.1. A smpledistribution network to analyse the substitution method.

Fig. 2.1shows aradia feeder which hastwo loads (D1 and D2 at point A and B
respedively) and a generator (G) embedded at point C. The power demanded by the
loads is suppased to be mnstant and equal to 200 RV. The power delivered by the
generator is400 RWV.
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The distance between A and B isthe same & the distance between B and C. In
addition, the distancebetween T and A is twicethe distance between A and B.

Impedances for sections TA, AB and BC are those indicated in the diagram.

In order to simplify the cdculations, the foll owing hypothesis are made:

All voltage magnitudes are equal to 1.0 p.u.

Voltage drops are negligible.

Losses have noimpad onthe cdculation d power flows.

® X>>r

A base value of 100 KV isused andavalue of r = 0.001 p.uischosen.
From the hypothesis made it is easy to demonstrate that the line loases (I) can be

cdculated multi plying the value of line resistance (r) by the square of the adive power

flow (p) through the line:

l=rp

For the case shown in Fig. 2.1the power flows are the following:

D2/ 200kwW
IT 0 kw 200kWﬁ400k\N
I I
D1/200kwW
G/400kw

Fig. 2.2. Base Case power flow: all users conneded.

This case, when all users are mwnneded is taken as the base case.

The looses for the base @ase are then,

I =0.00§2% +42]=0.02 pu.
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To apply the substitution method,eat user must be disconnected in turn and the losses

must be cdculated for each case.

Let us disconned the generator (G) first. The power flows for this case resullt:

D2/ 200kwW
IT 400 KW 200 kW
— A C

| I
D1/200kW @

Fig. 2.3. Power flows when G is disconrected.

For this case, the looses are;

| = 42 x(2x0.001)+ 2% x0.001= 0.036 pu.

Asthetotal power losses decrease from 3.6 KWV to 2.0 RV when the embedded
generator G is conrected, in accordance with the substitution methodthe embedded

generator G reduces losses and therefore shoud be rewarded.

Now, the cae when D1 isdisconneded will be analysed. The resulting power flows are

showninFig. 2.4.
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D2/200kw

|T 200 KW 200k\Nﬁ400kW
I I °
G/ 400kwW

Fig. 2.4. Power flows after disconneding the user D1.

The losses for this case result:

| = 22x(2x0.001)+ 2% x0.001+ 4 x0.001= 0.028 p.u.

The total losses deaease from 2.8 RV to 2.0 WV when D1 is conneded to the network.
In acordance with the substitution method,the user D1 aso reduces total |osses and
shoud then be rewarded.

Finally, the cae when D2 is disconneded must be analysed. The power flows for this
caseareshownin Fig. 2.5.

IT 200 KW 400kwﬂ 400 KW
| I
D1/200kw
G/400kw

Fig. 2.5. Power flows when D2 is disconnected.
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Thelosss when D2 is disconnected are:

| = 22x(2x0.001)+ 4% x0.001+ 4 x0.001= 0.040 p..

Asin the other cases, D2 also reduces total losses from 4.0 RV to 2.0 RWV.
Consequently, in accordance with the substitution method D2 shoud be rewarded as
well.

Clealy, by applying the substitution methodit appeas that eat of the usersin this
example contributes to areductionin the total system losses. According to the
substitution method, they would all be entitled to areward for reducing total |osses.
However, they are the only users resporsible for creating losses. Thisclealy
demonstrates the inconsistency of the substitution method.

Using another example, it can be dso demonstrated that the substitution method
produces crosssubsides.

Let us consider the same network but with another embedded generator conrected at
point F (seeFig. 2.6. Thelineimpedance between T and F isindicated in the diagram.

D2/200kw
|T 0 kw 200 kw || 400 kw
L 4 < <

2 + 2x ﬂrﬂ'x B I+ jx

r+ jx I 10 kW
F

D1/200kw

G/400kw
G’/ 10kw

Fig. 2.6. Cross-subsides creaed by the substitution method.

The power flows, for this new example, are shown in the dowve diagram. Thelosss
when all users are onreded are cdculated:

| = 22x0.001+ 42 x0.001+ 0.12 X0.001= 0.02001p.u.

56



Generator G™ does nat influencethe impad onlosses of users A, B and C, previously
cdculated by the substitution method.

The losses when generator G” is disconnected from the network are those cdculated in
the cae shownin Fig. 2.2(base cae).

Consequently, the wnnedion d G” increases the losses from 2.0 KW to 2.001 kV, and
therefore, accordingly with the substitution method,G” must be penali sed.

It isimportant to nae that in areconcili ation processthe st of total system losses
would haveto beremvered. AsG’ isthe only one seen to be creding losses, it would
be left to pay, na only for their own losses, bu also for losses creaed by the other three
users. In addition, G" would also have to pay the bill rewarding the users at nodes A, B
and C for their apparent contribution to system lossreduction.

Asaresult, in this example, crosssubsides are introduced between users when applying
the substitution method.

MLC method

Using the MLC method,lossadjustment fadors (LAFs) are calculated based onthe
concept of marginal losses. MLCs measure the changein total adive power losses L
dueto amarginal change in consumption a generation d adive power P andreadive
power Q at eat nadei of the network.

Then, the ideais to expressthe losss L as:

L= loeP +pq Q] (eg. 2.3

where p, and p, are LAFswhich arerelated to thelossmarginal coefficients.

Let us cdculate now the marginal losscoefficients. By definition,the MLCs are,

1'(3; i=12. N

all_ (eg. 2.2
. = i=12..N
°Toq !
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where, N isthe total number of nodes of the network.

p, and p, represent the active and reactive power related MLCs.

If auser, i.e. generator, takes part in vdtage wntrol by injeding required pover (PV
noce), there ae nolossrelated charges for the readive power to be dlocaed. Then, it
is defined,

aa(;:O if i isaPV node (eq. 2.3

In the same way, aslosses are deemed to be supgdied from the sladk nock, the loss

related charges, for this noce are zero:

oL oL .
= =0 sistheslacknode . 2.
0P, 0Q, (eq LD

Because of thisassumption, the dhoice of slack noce dearly has an impad on bdh
magnitude and pdarity of MLCs. Fortunately, in dstribution systems where we ae
focusing, this complicaion reed na arise & the transmisgon retwork can always be
taken as the slack nock.

Marginal losscoefficients are afunction d a particular system operating point. As
thereis no explicit relationship between losses and pawver injedions, the standard chain
rule is applied in the cdculation d MLCs using voltage magnitudes and angles as
intermediate variables (v, and o, respedively). Asaresult, only aload flow solution

for a particular system operating point is required to compute MLCs.
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Applying the standard chain rule, the following general system of linear equations can
be established for cdculating MLCs:

R R0 W o ogac
e, o6, 6,1 06, 06, 06, Fop O Do C
: ! 0°7 0 %0
O: ! o: oo; O
oP, oP, 0Py ! 0Q, 0Q, 0Qy ED oL 0 pgoL
Oy 00y 00y} 00y 096y " 06, R, 0 06, L
oR, T OP, 0P, 179G, 90, Q. THoL 5 HoL & (eq. 2.9
Oov, ov, 7 v, ioav, oy, T av, H0Q, 0 DoV, C
i ; Oh:oDo: O
0P, oP, P | 0Q  Q, 0Q, 5% DEOLE
%VN aVN ...... aVN : aVN aVN ...... aVN E QN D VN [
|

This expresson can be written in amore cmpact form as foll ows:
Ap=b (eq. 2.9
Matrix A isthe transpose of the Jaabian in the Newton-Raphson load flow and can be

cdculated onthe basis of load flow results for a particular system operating point.

Thevedor p represents MLCs whereas the right-hand vector b represents sensitivities

of total losses with resped to vdtage angle and magnitude.

In order to calculate the vedor p, vedor b must be cdculated first.

An expresson d total losses L may be obtained from the summation d the individual
lossesin eat branch of the network.
The square of the voltage drop between nodesi and | is given by:

AV”.Z =V/? +Vj2 -2VV, cos(t'i?i —0,-) (eg. 2.9

If G, isthe conduwtanceof the branch between nodesi andj, then the lossesin that

branch are:

Lij = Gij AvijZ = Gij i2 +Vj2 _ZViVi cos(@i —Bj )] (eq 28
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Consequently, the total losses L are given by:

N N

L :% > G, B/iz +V7Z -2V, co{ei -0, )] (eg. 2.9

&
where the factor % appeas because the doude summation encourters the losses of eath

branch twice.
The comporents of vector b are the partial derivativesof L:

9L o5 Gvvisin, -6,) i=12..N (eg. 2.1Q
aei_jzzliiiis'i i) 1512, . <.

oL

N
W:zjz:leu V. -v, codp, -6,)] i=12..N (eg. 2.1

It isimportant to nae that there ae no equations for any voltage-controlled noce & by
definitionthe MLC with resped to readive power for any such nadeis zero. Inthe
same way, there are no equations for the slack node & by definition the MLC with

resped to active and reactive power for the slack noce is zero.

From eq. 2.6,vedor p iscdculated.
Theresult of using p for the evaluation d losses yields approximately to twicethe

value of actual losses[32]:

N -1, _ _

Z[Pepi +pQ‘Qi]:2L (eq. 2.19
1=1

Consequently, the obtained MLCs ( p ) need reconcili ation. If a cnstant-multi plier

reconcili ation factor (k) is used then,

with,
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Kozr\‘_]_; (aq 213

;[ﬁamﬁqq]

the reconcil ed vedor of MLCs results:
P=KoP (eq. 2.19

and
Nz_l[pﬂpi +pQ‘Qi]:L (eg. 2.19

Reooncili ation by a cnstant multi plier entails sSmple scding of the MLCs © that the
sum of the products of resultant MLCs and the nodal power injedions at each node
equals the total losses as computed by the load flow study.

On the other hand, additi ve reconcili ation may be used. This could be motivated by the
desireto preserve differentials between nodes. Therefore MLCs are shifted by constant
fadorsrather than scded. Because the losses due to active and readive power flow in a
system are different, it is necessary to have two reconcili ation factors in the case of
additive reaoncili ation (one for adive related ML Cs and another for readive related).
Thisisdore so asto maintain theratio of losses due to active and readive power when
the MLCs are shifted.

It isimportant to nade that MLCs may be evaluated in an houly basis for houly
settlement or onayear basis. Inthelast case, MLCsanaysis can provide signalsto
existing and pdential system users (customers, generators and supiers) onthe st or

benefits they can exped based ontheir impact on losss.
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DLC method

As explained before DLC methodrelates losses directly to noddl power injedions.

The expressonfor lossesin terms of the network state variablesis, as sen before
(eg. 2.9:

N

P4

1Gij B’iz +VZ -2V, codp, -6, )]

L=f(,V)=

N

1=1
For a given change in operating paint, the new total system losses can be evaluated
using Taylor series expansion aroundthe initial operating point. The operating paint is

defined in terms of state variablesV and 8 with P and Q representing the

correspondng nodal power injections. The new lossvalue is therefore given by:

L=f(9°+A9,VO+AV):f(@O,V°)+[A9 Av]g—; g—\';g +%[A9 aVIH]ae av] +....

(eq. 2.19

where [H] isthe Hessan matrix and, A8 and AV represent the change in operating paint.

Theinitia operating point is taken to be:

Therefore,

to°v°)=1,=0 (eq. 2.19

and,
oL S : ,
ﬁ(eo,v"):zjzﬂeijvivjsm(ei -6,)=0 i=12...N (eq. 2.19
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oL k .

N(eo,vo):zjzﬂeij M v, codp, -6, )] =0 i=12..N (eg. 2.2Q
Asaresult,

L:%[Ae Av[H]ae av] (eq. 2.2)

It isimportant to pant out that A8 and AV in eq. 2.21represent the final deviations from
flat start values of voltage angle and magnitude respedively.

In order to expresslosses directly in terms of noddl injedions, eq. 2.21must be
expressed in terms of nodal injedions. Thisisac@mplished by using an analogy with
the well -establi shed Newton-Raphson load flow agorithm:

[06 av] =[3]*[aP aqQ] (eq. 2.29

where J isan average Jacobian computed from the flat start and final Jacobians, J°

and J respectively:
3:%(J°+J) (eq. 2.23

It isimportant to ndethat AP and AQ in eq. 2.22represent the actual nodal active and

readive power injections respectively astheinitial P and Q values were assumed to be

zero. That is;

AP =P

.22
A0 =0 (€q. 2.29

Fromeq. 2.21,eq. 2.22and eg. 2.24we obtain:
L<3he vl o (229

Consequently, the vedor of DLCsis given by:
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y=>16 oVl (eq. 229

The assumptions and approximations made in the cmmputation d DLCs giverise to
small differences between the losses cdculated from the goplication d DLCs and those
from load flow [32]. However, in contrast to MLCs, thereis no fundamental
requirement for reconcili ationin the cae of DLCs. Thisis because the DLC methodis
based onallocaion d total losses. In addition, losses are, approximately, a quadratic
function o power and eq. 2.9 sed as the basis for derivation d DLCs gops at the
quadratic term.

Comparison of loss allocation methods

In [32] an exampleis presented comparing the values of constant-multi pli er reconciled
MLCsand DLCsfor different cases. It results that values of reconciled MLCs are
pradicdly identical to values of DLCs.

It is also demonstrated, in that work, how efficient are MLCs and DLCs methods in
eliminating crosssubsides. In addition, it is clea from the examples presented in the
referred work that whether or not an embedded generator shoud be rewarded for loss
reduction depends on bdh the anourt and dstribution d load as well asits generation
output.

Moreover, an example using a generic distribution retwork is presented. This example
clealy demonstrate that MLCs and DLCs vary in time consistent with the temporal
nature of load and embedded generator output. It can be seen, for example, that if the
EG injeds asignificant amount of power into the network at off-pedk times, this may
lead to anincrease in total losses. Thisis explained by the fad that power must be
transported over longer distances to reach the load (sincelocal |oad may be low). Inthe
extreme cae, the power would have to travel asfar asthe bulk supdy paint for export
into the transmissongrid. On the other hand, duing peak-on period, EG may be
compensated for reducing losses in the system because its entire output is consumed

locdly. Thisreducesthe need for centrally generated power.
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Asaresult, it seems clear that both MLCs and DLCs methods satisfy the required
characteristics exposed in the Introduction for an efficient, consistent and practicd loss
all ocaion method.

On the other hand, from which was presented here it results that the substitution method
fail s with thase requirements because it is not econamic dficient, it isnot acarate and
it isnot simple to implement.

2.1.2 Connection costs

The @nrection d an embedded generator impli es an agreement between the devel oper
and the Locd Distribution Company (LDC).

In courtries like the U.K. where the new ESI has been working for several years andthe
amouns of EG are growing up this processis quite well known. The developer makes a
conredion application and the LDC is obliged to offer terms for providing a suitable
conredion for the propased generation scheme. In [7] aprocedural flow chart which
depicts the general sequence of events and tasks for dealing with arequest for generator
conredionis presented. The flow chart is based onthe result that EA Techndogy
obtained from a questionraire that was submit to 12companiesin the U.K. Nine of the

companies resporded to it. In Fig. 2.7the flow chart mentioned is reproduced.
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- Outline requirements

Applicant Requests Generator Connection

v

offer requested?

Indicative costing or firm connedion

v

Indicative

Provide Cost Estimate For Performing
Feasibility Study (If Applicable)
- Receive any appropiate payment

Firm

v

Network Technical Parameters
- Electricity company records

Provide Cost Estimate For
Performing Full System Study
- Receive any appropiate payment

Perform High Level Feasibility Study

'

Full Generator / Plant Technica Details
- Completed application form

Applicant If Necessry

Request More Information From

!

!

Reqguest More Information From
Applicant If Necessry

Prepare Indicative Connection Cost Offer
- Supply offer to applicant

!

.

Perform Detailed System Study

:

Is the aseesament adequate to
produce firm offer ?

- N -
Is offer aceptable to applicant ?
AN | J/
No i Yes
Does applicant require indicative
offer converting to firm offer?

—

No

B

No

Prepare Firm Connection cost Offer
- Supply offer to applicant

Yes

.

Is offer aceeptable to gpplicant ?

No

Does applicant require revised offer ? ]

—IY

es No

v

Yes

Commercial / Legal
Details

h 4

Applicant Withdraw Request

Formalise Connection Agreament

Fig. 2.7. Procedura flow chart for deding with requests for embedded generator

conredion.



From Fig. 2.7.it is clear that the LDC has to study the cmnnedion costs of the propaosed
projed. Thisconrection costs relate only to the st of the infrastructure onthe LDC

side of the point of suppy. However, there can aso be significant costs associated with
eledrical infrastructure on the developer’s sde of the paint of supdy. Thesetwo areas
of cost must be mnsidered in total when evaluating projeds, and also when considering

aternative connedion ogions.

In general, the main comporents of the conrection costs which are mnsidered when

deding with anew EG projed are the foll owing:

e |nitia costs and O& M (Operating and Maintenance) costs.

Initial costs arereferred to those sts associated to modify an existing connedion
or to provide an entirely new one.

In addition, there are dso costs associated with the operation, maintenance, repair
and replacement of the new or modified conrection infrastructure. These operation
and maintenance asts must be ansidered in addition to the initial costs.

e Extension costs and reinforcement costs.

The new connedion provides an electricd path into the network, starting at the
ownership boundry between the generator install ation and the LCD’ s network.
The work required to provide this path can be broken down into two categories.
Firstly, new infrastructure must be installed in order to provide an extension d the
existing network, from the point of common couding upto the point of suppy.
Seoondy, some reinforcement of the existing network infrastructure may be
necessary in arder to acommodate the planned generation cgpadty. These two

comporents of the wnnedionwork areill ustrated in Fig. 2.8.
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infrastructure

Fig. 2.8. Extension and reinforcement.

Reinforcement work is usually required to increase the dedrical cgpadty of thase
parts of the network which form part of the dedricd path from the generator into
the network. However, some network reinforcements do nd fit this pattern. For
example, it may be necessary to upgade the switchgear at a substation some
distancefrom the proposed generation scheme, due to theincrease in fault level

caused by the mnredion d the generator (seeFig. 2.9.
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v Circuit Breaker
BEFORE AFTER

Fig. 2.9. Switchgea upgrade nealed due to connedion d an EG.

¢ Return of investment.

In general, regulatory frameworks, enable the LDC to recver "the gpropriate
propation® of both their initial costs and their O&M costs. Connedion charges
usually provide the LDC with areasonable rate of return onany capital expenditure.

ALLOCATION OF CONNECTION COSTS

The big question when considering connection costs of EG iswho hesto pay eac of
the cmporents of these costs.

Asthe distribution businessis amonopay, it hasto be regulated. A fair pricing padlicy
isthen needed to achieve an optimal assgnment of resources.

It seems clear from [32] that to achieve afair pricing pdlicy the real costsinvoved has
to be very well known and undrstood, and the network pricing palicies soud reflea
these wsts.

There ae examples of regulatory frameworks that do nd achieve this target when
considering the mnnedion costs of an EG. Inthese caes, aset of rulesis created to
solve the problem of costs al ocaionwithou considering the real participation o ead

part in those aosts. Asaresult, ore part loses competiti veness

69



For instance, it iswell known the discusson d whether the new conrected EG shoud
pay only the asts asociated with making the new connedion (“ shallow conredion”),
or it shoud pay also the additional costs which are asociated with the reinforcement of
the system (“ degp connedion”). In some caes, like the U.K. the reinforcement costs
charged to the EG are limited to ore voltage level above the voltage of the connedion
and oncircuits where the new or increased load requirement is more than 25% of the

existing cgpadty. Thiskind d criteriaseemsto be abitrary and nd cost reflective.

The fundamental objedives of network pricing are [31]:

* To promote an efficient operation d the energy market.

* To providelocaion signals for investment in generation and demand.

* To providetheright signals for investment in the network, compensating owners for
justifiable investments and dscourage over-investment. (Cross-subsides must be
avoided).

* To provide transparency.

* To provide prices gability.

The concept of Econamically Adapted Network (EAN) fulfil these requirements [31].
The ideaof thismethodisto determine the network optimal design (EAN) based ona
medium term plan (e.g. 5 years) of demand and generation dstribution, and then
cdculate the dharges for the use of the EAN. These charges correspondto cost

al ocaion with respect to users contribution to marginal investment and operating cost
of thisEAN.

The charges obtained from the EAN are goplied onthe existing network and kept over
the pricereview period.

When designing the EAN, two aspects referred to circuit capadty must be taken into
acourt. Onerefersto the caacity driven by the dedricity transport requirements.
The other is the capadty driven by additional, seaurity and service quality.

The capital costs associated with the first requirement (eledricity transport capadty) are
balanced with the msts of lossesin arder to achieve the optimum. The caita costs
asciated with the second requirements (security and service quality) must be balanced

with the cost of outages.
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The oncept of EAN may be used in dstribution retworks with EG [31]. Inthiscase,
classcd isaueslike“ deg o shallow” conredion charges become no more a diff erent
issue. Using this concept, the questionisto determine the contribution d ead user
(generation a load) to the investment and qperating cost of the EAN.

Within this framework, connedion charges can be dedt with as part of the use of

system charges.

Asan example, if welookat Fig. 2.9.it isclear that the arrent that flows through the
circuit breaker has two comporents. One wmporent isthe @ntribution from the
central generators; the other isthe contribution from the EG. Using conventional short
circuit analysistods, the individual contribution o ead generator (central and
embedded) to the size of the drcuit breaker can be mwmputed. Then, these @ntributions
to the short circuit current may be used to al ocae the @st of repladng the arcuit
bregker.

If reinforcement has to be dore over aline or ceble dueto theinstallation d an EG, the
marginal investment and operating cost contribution o each user (central generation
and EG) may also be determined. In this case the line cgadty will be driven by the
cost of losses and reli abili ty costs. Both the methoddogy of determining the optimum
cgpacity and cost all ocaionis developed in [32)].
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DEPENDENCE ON THE VOLTAGE LEVEL

Thereis an ather important issue referred to connedion costs that shoud be addressed
here. Thisisaueisthe dependence of the annedion costs onthe voltage level.

It iswell known that the higher the voltage level to which the EG is conneded, the
larger the conrection costs. Consequently, in arder to make ageneration project viable,
developers and operators of EG would namally prefer to be cmnreded at the lowest
paosshble voltage level. On the other hand, the higher the cmnrection vdtage level the
lower the impad that embedded generation hes on the performance of the local network.
Therefore, such solutions would namally be preferred by network operators. Thistwo
confli cting objectives neel to be balance gpropriately, and may requiere not only an in
depth technicd and econamic analysis of the amnrection design bu also the presence of

appropriate network pricing palicy.

The determination d the voltage level where agenerator shoud be conrected is
determined by itsimpad on the voltage profil e of the local network. However, the
commercia framework for the voltage regulation pdicy through adive or reactive
power control isnot yet very well devel oped.

At present, asynchronous generators that absorb readive power are charged by the
distribution company onthe basis of the demand taken by the generator. Conversely,
synchronous generators are offered noincentive by the distribution company to provide
readive power to the system.

Many LDC base their DUS charges on kVA demand, which discourages consumption
of reactive power. However, absorbing readive power can be very beneficia to
controlli ng voltage rise dfed in wed& overhead networks with EG. Although, this
would namally lead to an increase in network losses, EG does not have the opportunity

to balancethe mnredion costs against cost of losses and make the mwnvenient choice.
Consequently, the inabili ty of the present readive power pricing concept to suppat

provision d voltage regulation may unnecessarily force generators to conned to a

higher voltage level, imposing more higher conrection costs.
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2.1.3 Externalities

Externaliti es have been described as "benefits or costs, generated as a byproduct of an
eqonamic activity, that do nd accrue to the parties invalved in the activity" [15].

An externality defines [21] a situation in which the adiviti es of one or more econamic
agents have mnsequences onthe welfare of other agents withou any transaction
between them. An externality is defined to be paositive if thereis an increase of welfare.
Conwersely, an externality is defined to be negative if there is adecrease of welfare. For
instance the increase in security of eledricity supdy given by theinstallation d anew
EG will be an externality of the first groupwhile pall ution produced by an dd coal-

fired electricity generating dant will be of the second group.

In this project we are going to consider baoth environmental and seaurity of supdy
externaliti es of EG. With resped to EG environmental externaliti es, it isimportant to
say that these externaliti es are not determined by fad that the generator is embedded in
the distribution retwork. However, there is an important propation d EG whichis
renewable or gas fuell ed, and therefore they are lesspall uting than the older coal and dl
fired stations conrected into the transmisson system.

ENVIRONMENTAL EXTERNALITIES

The production d eledricity has many impacts on environment (air, water, soil) which
aff ects people, animals, ecosystems, products, etc.. In addition, the intensity of these
impadsis high because the production d electricity isalso high andit is constantly
growing up.

Thislealsto ahigh level of padlution, risk of accidents and risk of natural resources to
be destroyed.

Asaresult, thereisasocial need to limit the impads of eledricity production.

The new ESI is based onthe neo-classc theory which establishes that priceis st at the
point where the supgdiers curve (marginal cost of producing one more unit) meds the
demand curve (marginal utili ty obtained by customers). Maximum social welfareis
achieved at thispaint (seeFig. 2.10
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Pe = Market cleaing price (System marginal price)

Fig. 2.10. Market equili brium.

In Fig. 2.10the externa costs impased by environmental externaliti es are not

considered.

If the econamic agents do nd consider the external costs imposed by their activities,
then the price system does nat incentive the agents to adjust their adivitiesto the level
that maximum social welfareisadieved. Asaresult, in these andtions, the resources

assgnment at equili brium does not maximise the social welfare.

In Fig. 2.11,the external marginal cost (EMC) isconsidered. This cost isthe
externaliti es cost. This cost increases with the quantity produced.

A social marginal cost (SMC) is defined, which includes the production marginal cost
(PMC) andthe EMC.
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Fig. 2.11. The effect of considering the external costsin the market equili brium.

The new equili brium is achieved at (Q*, P'g) where the SMC meds the demand curve.
Asit can be seen, if the EMC is not considered, the market equili brium (Q*, P g) where
maximum socia welfareis achieved, is sifted to the paint (Qo, Pg). The differenceof

socia welfare between the two situations is given by areaOEF.

As aresult, the neo-clasgc answer to environmental externaliti esisto impaose atax to
the producer that equals the optimum external marginal cost, T (seeFig. 2.11). These
kind d taxes are known as pigouvian taxes (it was Pigou, in 1920,whofirstly propased
these taxes).

In thisway, the externa costs are included in the system prices and therefore the
eqnamic agents are given incentives to adjust their activity to the level that maximise

their own and social welfare.

The previous datements are based onthe hypathesis that producers may change the
level of pdlution orly by changing the level of production. Thisisnaot true &
producers may reduce palutionin ather ways. Thereisa st asociated to the

reduction d palution, areduction marginal cost (RMC).
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As aresult, taxes fioud be set at the point where RMC equals EMC [21]. SeeFig.
2.12.

A

RMC EMC

>
P Po

Poll ution level

Fig. 2.12. Optimum padlution level.

Although the method achieves the optimum in accordanceto the neo-classc theory, it is
very difficult to implement, mainly because of the difficulties to predict and evaluate the
eff ects of pdlutionin monetary terms. However, there are studies that make that kind
of evaluation, which at least give a"fed" or "starting point " of the wntribution o
different techndogies. Such studies are, for example, [27] and the environmental study
included in[15].

Some of the results of [27] are summarised in Fig. 2.13,Fig. 2.14,Fig. 2.15,Fig. 2.16
andFig. 2.17.

The padll utants that are taken into aceount in [27] are the foll owing:

* Sulphu dioxide, SO, (linked with aad rain): a“starting point” value of the
negative dfects of USD 2.03/ Ib has been estimated considering primarily health
eff ects.

» Okxidesof nitrogen , NO (linked with add rain and wbane ozone): a“ starting
point” value of USD 0.82 / Ib hasbeen estimated considering also hedth effects.
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Particulates: a“ starting point” value of USD 1.19/ Ib has been found lased

primarily on visibili ty effects (USD 0.83/ Ib), with a strong contribution from health

effects (USD 0.36/ 1b).

Carbon doxide, CO, (which isagreenhowse gas): The value of reducing CO,

emissons was estimated to be USD Cents 2.5/ |b carbon (or USD Cents 0.068/ Ib
CO,) using amitigation cost estimate for tree planting.

Fig. 2.13. Externality costs for Coa-Fired Units.

EXTERNALITY COSTSFOR COAL-FIRED UNITS

TYPE OF TECHNOLOGY
EXTERNALITY USD/Ib Existing AFBC! IGCC
Boiler (1.1% (0.45 %
(1.2% sulphur sulphur
sulphur cod) coal)
coal)
[A] [B] [C] [D]
[1] SO, 2.03 1.80 0.55 0.48
[2] NO, 0.82 0.607 0.3 0.06
[3] Particulates 1.19 0.15 0.01 0.01
[4] CO, 0.0068 209 209 209
Totals:
[5] USD/MMBTU Input 5.76 2.80 2.46
[6] Hea Rate (BTU/KWh)
USD/kWh Generated 0.058 0.028 0.025
Notes:

1 AFBC = Atmospheric Fluidised Bed Combustion.

2 IGCC = Integrated Gas Combined Cycle.
[B] [C] [D]: All emissions are expressed as Ibs/MM BTU fuel input.
[1]: No SO, scrubbers are installed on the first threeplants.

[2]: NO, emisdons are uncontrolled in each case.

[3]: Particulates emissions vary widely and are extremely dependent on the ash content and
sulfur content and sulfur content of coal.

[5]: Sum of (value of X emissons for eat externality) for ead plant.

[6]: Assumed hed rates for ead plant.

[7]: [5]X[6]/2000000
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Fig. 2.14. Externality costs for Oil-Fired Units.

EXTERNALITY COSTSFOR OIL-FIRED UNITS

TYPE OF TECHNOLOGY
EXTERNALITY usD/Ib Boiler Boiler Boiler Combustion
#6 Ol #6 Ol #6 Ol Turbine #2
(0.5% (1% (22% Oil (1.1%
sulphur oil) | sulphur oil) | sulphur ail) | sulphur oil)
[A] [B] [C] [O] [E]
[1] SO, 2.03 0.54 1.08 2.38 0.16
[2] NO, 0.82 0.357 0.287 0.357 0.498
[3] Particulates 1.19 0.055 0.09 0.174 0.036
[4] CO, 0.0068 169 169 169 161
Totals:
[5] USD/MMBTU Input 2.60 3.68 6.48 1.87
[6] Hea Rate (BTU/KWh) 10400 10400 10400 13600
USD/kWh Generated 0.027 0.038 0.067 0.025
Notes:

[B] [C] [D]: All emissions are expressed as lbs MM BTU fuel input.

[1]: SO, emisgons are uncontrolled in each case.

[2]: NO, emisgons are uncontrolled in each case.

[5]: Sum of (value of X emisdons for ead externality) for ead plant.

[6]: Assumed hed rates for ead plant.

[7]: [5]x[6]/1000000
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Fig. 2.15. Externality costs for Natural Gas-Fired Units.

EXTERNALITY COSTSFOR NATURAL GAS-FIRED UNITS

TYPE OF TECHNOLOGY
EXTERNALITY USD/Ib Existing Combined BACT
Steam Plant Cycle (SCR,SWI)
[A] [B] [C] [D]

[1] SO, 2.03 0 0 0
[2] NOy 0.82 0.248 0.42 0.042
[3] Particulates 1.19 0.003 0.003 0.0002
[4] CO, 0.0068 110 110 110
Totals:
[5] USD/MMBTU Input 0.95 1.10 0.78
[6] Hea Rate (BTU/KWh) 10400 9000 9000
USD/kWh Generated 0.010 0.010 0.008
Notes:

[B] [C] [D]: All emissions are expressed as IbssMMBTU fuel input.

[1]: SO, are zeo from gas combustion.

[2]: NO, emisgons are uncontrolled in the first two cases. For the BACT case, Seledive

Catalytic Reduction (SCR) and Steam Water injedion (SWI) are asumed.

[5]: Sum of (value of X emisdons for ead externaity) for ead plant.
[6]: Assumed hed rates for ead plant.

[7]: [5]X[6]/1000000
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Fig. 2.16. Starting point values for Nuclea Power Externality Costs.

STARTING POINT VALUES FOR NUCLEAR POWER EXTERNALITY COSTS

AREA USD Cents/ kWh
Routine Operations 0.11
Accidents 2.30
Demmmissioning 0.50
TOTAL 291

Fig. 2.17. Summary of environmental costs for various Renewable Energy Techndogies.

SUMMARY OF ENVIRONMENTAL COSTSFOR VARIOUS RENEWABLE ENERGY
TECHNOLOGIES

TECHNOLOGY TYPE USD Cents/ kWh
Solar Oto 04
Wind 0to 01
Biomass 0to 0.7

In the other study, included in [15] the true worth or econamic value of an embedded

generator is determined by the relative anourt of the diff erent pdl utants that emits

compared to that of the generationit displaces, and the environmental cost

consequences of those pal utants.

Two cases have been considered:

* Casel: which assumesthat older coa or oil plant isdisplaced by CCGT
(Combined Cycle Gas Turbine) plant.

» Case2: asuming that the older plant is displaced by renewable plant such aswind

or hydro.
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The methoddogy used by [15] consisted firstly in determining the anourt of pall utant

emissons of different plant types (see Fig. 2.18. Seaoondy, the emissonreduction for

cases 1 and 2was calculated (Fig. 2.19. Thirdly, the amisgon costs for the different
types of pall utants were established based ona study undertaken by the European Union

under the Externk projed (Fig. 2.20. Finally, the value of emisson reductions for
cases 1 and 2were cdculated (Fig. 2.2]).

EMISSIONS FROM DIFFERENT TYPESIN TONNES/GWh

PLANT TYPE [ PARTICULATES SO, NO, CO,
(©)

Old Coal @ 04-22 10 —20 2-5 820-1033

old oil @ 1 12 3 800

ccet® lessthan 0.01 0.27 -0.29 393-422

wind ® 0 0 0 0

Hydro ® 0 0 0 0

CHP 9 lessthan 0.2 130-940 @

Coa withFCD @ [ 0.2 1-2 3 878

Notes:

@
2

©)

(4)

()

Source PowerGen Environmental Performance Report 1995

Estimated assuming 90 % of sulphur is removed and an efficiency in the mid range of those quoted
for other PG plant (this all ows for some thermal efficiency reduction due to operating the FGD
plant).

These values are for primary particulates only. Primary particulates are those emitted diredly from
the power station. Sendary particulates are those aeaed by chemicd readionsin the poll ution
plume and are generally agrosols of sulphates or nitrates.

Thisanalysis dows the emisgons per unit of eledrica output, rather than combined hea and
eledricd output.

The ExternE projed quotes emissions of 7.9 % SO,, 1.7 % NO, and 1% CO, as a propartion of the
Coal with FGD emissions based on the manufadure and construction for awind turbine together
with other externalities due to noise, etc. However, this represents a small propartion of the totals
guoted for other plant, and in particular the old coal and ail, above and therefore, the figures quoted

assume no external costs from renewable generation (wind and hydro).

Fig. 2.18. Emissons from different plant typesin tonnes/ GWh.
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EMISSION REDUCTION THROUGH DISPLACING PLANT IN TONNES/ GWh'

Particulates 2 s0,® NO, @ co,®
Cae1l 1.2 14 3.1 477
Cae?2 1.2 14 3.3 884

Notes:

(1) Caculated on basis of displadng mean of old coal and dd al emissons from Fig. 2.18,
i.e. coa and al plant displaced ina2:1 ratio.

(2) Primary particulatesonly - seenote (3) of Fig. 2.18.

Fig. 2.19. Emissonreduction through dsplaang plant in tonnes/ GWh.

DAMAGE COST IN ECU / GWh FOR WEST BURTON AND THE ESTIMATED DAMAGE
COST OF DIFFERENT POLLUTANTSIN £/ TONNE OF POLLUTANT

Poll utant Damage Cost in ECU / GWh for | Damage Costin £/ tonne
West Burton B of palutant (based on
West Burton B)

Primary particul ates 580 2574

Semndary particulats 3180 seenote (3), Fig. 2.18.

SO, 850 549

NOy Not quantified for West Burton B. | 310(for Lauffen reference
For the Lauffen reference plant the | plant — seethird bull et
valueis 350 point below)

CO, 1500 —770000 1-622

Notes:

The asuumptions made in compiling this Table ae set out below:

* Thevauesinthistable ae extraded from European Union ExternE Projed, which has made the
guantification in terms of cost per GWh of generation at two reference plants. One of these
referenceplant, is West Burton B. The values presented in thistable ae spedfic to the West
Burton B site and donot necessarily refled the damage @sts of emissions from other sites.

* SO, isthe only contributor to add rain and its consequential damage csts. Thisis not strictly
acarate @ addification and its consequential damage is caused by both SO, and NO,.

* NO, isthe only contributor to ozone formation and its consequential damage sts. In fact the
Lauffen damage was cdculated for nea-field damage in close proximity to the plant where locd
conditions owed increased ozone formation. Normally it might be expeded that NO
production from the power plant would result in aloca deaease in ozone and an increase in far-

field azone production.
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CO; isthe only contributor to global warming. In fact there ae other greenhouse gases sich as
methane and nitrous oxide which also contribute. The extreme range refleds diff erent results
from several studies quoted by the ExternE projed in aliterature review of global warming, but
which did not diredly form part of that projed. These different studies show different numbers
mainly because of their (often subjedive) diff ering judgements on the valuation of mortality, and
the impads of "natural" disasters such as storms. The valuations quoted should therefore be
used with extreme caution; the highest values being an extreme upper bound. A central estimate
of damage st may be doser to 2200 ECU / GWh (£1.8/ tonne). Costs quoted are Net Present
Vauesat 1990 picesusingared discount rate of 3 %. Lower discount rates will give higher

damage wsts.
1 ECU =71 pence (exchange rate used in ExternE).
The dfed of secondary particulates has not been quantified.

Damage st per tonne of pallutant has been cdculated using the W. Burt. emisson data of 880
CO,, 0.8 NO,(Lauffen Power Station), 1.1 SO,, 0.16 primary particulates, al in tonnes/GWh.

Fig. 2.20. Damage st in ECU / GWh for West Burton and the estimated damage aost of

different pdlutantsin £/ tonre of pall utant.

VALUE OF EMISSION REDUCTIONS THROUGH DISPLACING COAL OR OIL PLANT NOT

FITTED WITH FGD PLANT, IN PENCES/kWh

The asumptions made in compiling this Table ae set out below:

analysis potentially understates the total value of emission reductions.

Particulates SO, NO, Total CO, Total
@ excluding including
global global
warming warming
Casel 0.3 0.8 01 12 0.04- 29 1.2-30
Case 2 0.3 0.8 01 12 0.07-55 1.3-56
Notes:

assumptions made over SO, being the only contributor to addification damage.

* The CCGT on renewable plant are displadng coal or ail plant is not fitted with FGD.

*  Primary particulatesonly. The st of secondary particulates has not been assessd asit has not been

possble to quantify the change in emisson levels of secondary particulates. Consequently, this

*  The ontribution of SO, and NO, may be overstated and understated, respedively, due to the

* As datedinbullet 4 of the asumptions underlyingin Fig. 2.20, the global warming externalities are
extremely uncertain and the highest value quoted is generally regarded as an extreme upper bound.

Fig. 2.21. Vaue of emisson reductions through displadng Coal or Oil plant not fitted with
FGD plant, in pences/ kWh.
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Conclusions

The externaliti es method proposed by the neo-classc theory to accourt for
environmental effeds of eledricity production is consistent with the phil osophy behind
the new ESI. However, the value of reducing environmental damage is very difficult to
determine, because it depends onthe environmental impad of pall utants (which are
frequently location spedfic) and the values attached to those impads.

Two dfferent studies that quantify the damage @sts of existing generating techndogies
were summarised. From bath studiesit is clea that renewable energy has an extra
value, which shoud be cnsidered by regulators when setting the tariffs dructures. An
ided situation seams to be one in which market price signals were given with resped to

environmental effeds.

The adual situationisthat other types of methods are been appli ed since the beginning
of government environmental pdlicies (from late 196(). For example, limitationsin
the anourt of pallutants that a generator plant can produce have been applied. This
padlicy, athough limiti ng pallution, daes nat give incentives to keg onreducing it.

In addition, there are padli cies that promote dean energy. For instance thereisthe
NFFO (Non Fossl Fuel Obligations) inthe U.K. The obligation, within the Energy
Act, requires the locd distribution companies (RECs) to puchase apropation d their
eledricity requirements from clean sources. Moreover, if arenewable generator is not
part of the NFFO then a supgier purchasing its eledricity would na have to charge the
Fossl Fuel Levy onthe propation o its supdy badked by that generation.

In sum, it seemsto be widely agreement in considering the environmental eff ects of
eledricity production. However, the extra benefits of clean energy seams not to be
considered in full yet.

A cost reflective tariff with resped to the environmental effeds of eledricity would
have significant impads in the degreeof competiti venessof clean generatorsin general,

and particularly, in the degree of competiti venessof ERG.
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SECURITY OF SUPPLY

Users of eledricity exped to have quality and reliability in their supdy. The value of
not having eedricity is, in fad, greder than the st of eledricity [18].

In addition, poviding security of supdy hasits costs. The greaer the seaurity the
higher the @sts of achieving it.

The level of security present in the network is proportional to the resources that have
bean assgned to the provision d that seaurity. These resources can be ather network
fadliti es or generation resources.

It seems quite dear that the presence of EG tends to increase the level of system

seaurity. To confirm thisidea let us consider the foll owing example:

Feeder Feeder
1 2 Feaer FOR (Forced Outage Rate)
1 0.02
Capadty Capadty 2 0.02
100MW 100MW
B

Load
100MW

Fig. 2.22. Security of Suppdy: Example (withou EG).

Fig. 2.22shows avery simple distribution retwork. It consists of two radial feeders of
100MW capadty each, which feed busbar B. A constant load of 100MW is conrected
to B. The FOR of the two feaders are given in the table &owe.
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Let us cdculate the LOLP (Lossof Load Probabili ty) for theload. The outage capaadty

probabili ty table for this caseis:

Capadty out (MW) Capadty in (MW) State Probabili ty
0 200 0.98¢0.98=0.9604

100 100 2x0.98x0.02=0.0392
200 0 0.02<0.02=0.0004

The LOLP s, by definition, the probabili ty of not satisfying the load.
Then, the LOLP is cdculated by adding the individual probabiliti es of those statesin
which the load experiences trouldes:

LOLP =0.0004

The expeded number of days in which the load experiences trouldes can also be
cdculated multi plying the LOLP by 365which give us 0.146 dys/year. If we prefer
the number expressed in hous/year, we have to multiply by 24, oliaining

3.50 houslyear.

Let us evaluate now the LOLP when an embedded renewable generator (ERG) of
100MW capadty is conreded to busbar B. We will assume an avail abili ty of 50 % for
the ERG. This stuationis presented in Fig. 2.23.

Feader Feader i
1 2 Equipment FOR (Forced Outage Rate)

Fealer 1 0.02

Capadty Capadty Feeder 2 0.02

100MW 100MW ERG 0.5

i L@ B
Load ERG
100MW 100MW

Fig. 2.23. Security of Suppdy: Example (with EG).
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The outage capacity probabili ty table for this case is the foll owing:

Capadty out (MW) Capadty in (MW) State Probabili ty
0 300 0.98x0.98x0.5=0.4802
100 200 2x0.98x0.02x0.5+
0.98¢0.98x0.5=0.4998
200 100 2x0.98x0.02x0.5+
0.020.02x0.5=0.0198
300 0 0.020.02x0.5=0.0002
Therefore,
LOLP =0.0002

The expeded number of daysin which the load experiencestroubdesin thiscaseis
equal to 0.000&365=0.073 diys/year. Thisnumber, in hous/year is1.75. Thisis

50 % of the days in which the load experiencestroudesin thefirst case.

Ancther approach isto cdculate the ELL (expeded load lost) for the two cases.
The ELL isdefined as.

ELL= ; X; P,
where,

i isthe cgadty state.

n isthe number of cgpaaty states.

x, istheload lost whilst ini-th cgpadty state.
p, isthe probabili ty of thei-th capacity state.

Using the ELL for comparing the two cases, results,
for thefirst case, ELL =100x0.0004=0.04MW , and
for the second case (with ERG), ELL =100x0.0002= 0.02MW .
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Onceagain, the ELL for the secondcase is 50% of the ELL for the first case.

From this example it is clea that a generator embedded in the distribution retwork
provides additional system security.

System seaurity may be provided by bath network or generation fadliti es. EG can
patentially replacetransmisson and dstribution retwork fadliti es. From this
perspedive, EG can be seen as a competitor to transmisson and dstributionin the
provision d network services.

On the other hand, a significant propation d EG does naot provide firm cgpadty (e.g.
renewable generation). Inthis case, generationisnot avail able & all the time.
However, it can na be say that this type of generation daes nat provide system security.
From the probabili stic paint of view the ERG has a defined level of avail abili ty that
must be considered in conjunction with the avail abili ty of other equipment. The smple

example that was provided below demonstrates this fad.

Seaurity of supdy is an extravalue or benefit of EG. It isthe resporsibility of the
Regulator to give fair competiti venessto EG regarding to these aspeds. It seems
important that seaurity standards are included in the regulatory frameworks to define the
system level of seaurity. In addition, the probabili stic nature of the EG must be

considered.

Reliabili ty of suppy hasits own value and wsers of the network may be prepared to pay
for seaurity of supdy. However, the sensitivity of different users to reli abili ty may be
different. Consequently, in an efficient pricing structure, the use of system charges
must refled the value that each user places on network performance. What is more,
eadt user shoud have achoiceregarding the level of seaurity that desires, and shoud be
charged accordingly.

In[32], amethod d network pricing that includes the quality of supgdy driven costsis
presented. Allocation d reliabili ty driven capital isbased on quantifying the impact of
eadt network user on expeded marginal outage ast. This cost corresponds to the
expeded increase in ouage wstsimpaosed onthe rest of the austomers of the system by

an increment in demand.
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2.2 TECHNICAL ISSUESOF EG

2.2.1 Voltageregulation and reactive power

Under the regulations of the ESI, distribution uiliti es must supply eledricity to their
customers at a voltage within spedfied limits.

If we consider the simple example of Fig. 2.24, vdtage regulationis achieved by
adjusting the taps of transformers T1 and T2.

=T 7 ©

Fig. 2.24. A smple distribution retwork withou EG.

Thetaps are aljusted so that the foll owing conditi ons are satisfied:

» At times of maximum load the most remote austomer (B) will receve aceptable
voltage (above the minimum all owed).

» At times of minimum load the voltage received by the customersis below the

maximum all owed.

If we now consider an EG conneded to the drcuit of Fig. 2.24,asindicaed in Fig. 2.25,
the load flows and hencethe voltage profiles will changein the distribution retwork.
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Fig. 2.25. A simple distribution retwork with EG.

If the generator is exporting, then thiswill cause the voltage to rise. The degreeof the

rise will depend onmany fadors, such as.

* Leve of export relative to the minimum load onthe network.

» Siting of the generator (proximity to a busbar where the voltage is regulated by the
distribution company).

» Distribution d load onthe network.

* Network impedancefrom busbar to generator.

* Type andsize of generator.

* Magnitude and drection d readive power flow on the network.

Theworst caseislikely to be when the austomer load onthe network is at a minimum
andthe EG is exporting.

On the other hand, if the generator is used onsite it does not adversely affed network
voltages (i.e. if aload is conneded to busbar G consuming most of the power generated
by EG).

If we suppacse that the line between busbar B and busbar G in Fig. 2.25,has an

impedance, R+ jX (in per unit), then the voltage drop djv| (in per unit) may be

cdculated as foll ows:
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T1
—a"
_@}I A E+jx IG@
T2 E E . °©
S

Fig. 2.26. A simple distribution retwork with EG.

oV =[E|-M
where,

E| isthemoduus of voltage E in per unit.

V| isthe moduus of voltage V in per unit.

E andV, areindicated in Fig. 2.26.

In Fig. 2.27,adiagram with the magnitudes involved in ou calculationis presented.

Fig. 2.27. Diagram: voltage drop calculation.

AV =E-V = AV, + jAV,

Usualy, dis gnall; thusit is possible to approximate djv| by av,,

OV|=AVg
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In addition, we may calculate AV in the foll owing way,

AV = (R+ jX )

S=El* 0 1=

S=P+Q

0 av=(rs jx)PIQ_RPEXQ,  PX-RQ
E E E

. 6|V|=RP-;XQ

As aresult, the voltage rise may be limited controlli ng the readive power Q exported by
the generator. In particular, for negative values of Q (i.e. generator importing reactive

power), it is possbleto achieve d)v|=0. Thismethodcan be dfedive for circuits with

high X/R ratio, such as higher voltage overhead circuits. However, for LV céble
distribution circuits with alow X/R ratio, the method das not work. Asaresult, ony

very small EG can generally be mnneded to LV networks.

Anintegrated EG new approac to design and operationis proposed in [32]. This
approad that enables a dynamic voltage cntrol is simmarised in Fig. 2.28.

DMS
<+ Controller

_ _ P '
P+-Q ﬂ | 3 ' P+-Q
CHP | e ‘

Fig. 2.28. Integrated Dispersed Generation New approad to design
and operation.
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Modelli ng hasto be used to addressthe dfeds of the wnrection d anew EGina
particular distribution retwork. Asaresult, the medchanisms to provide voltage
regulation can be determined (e.g. tap-changing transformers).

It is believed, by some authors[32], that areactive power market shoud exist at
distributionlevel to permit EG to participate in vdtage regulation.

At present, loads in the distribution retwork are dharged for readive power
consumption. On the other hand, EG are not generally paid for providing readive
power. What it is foundin many courtries, are regulations regarding the power fador
range of the EG (e.g. in Greecethe power factor of an embedded synchronots
generator shoud vary within 0.85and 0.95and shoud na be negative).

In addition, in acerdance to [32], it is desirable that regulations consider stochastic
voltage limits (asit isproposed in EN 50160 instead of deterministic rules Moreover, it
shoud be dlowed EG to be constrained off in certain circumstanceto limit voltage rise.

2.2.2 Power quality

One aspect that has particular importance in the new ESI is power quality. Dueto the
interadion d the various participants, the definition d the quality standards within the
system becomes an important issue. For instance, generators will be obliged to produce
an adequate voltage waveform (i.e. with limited vdtage harmonics content) while
consumers will be obliged na to distort too much the arrent waveform (i.e. small
harmonics current content).

In general, standards refer to vdtage harmonics and/ or current harmonics.

A summary of the various gandardsin dfferent courtriesisdorein [4] based ona

pubicaion d Zamora and Macho of 1997. In Fig.2.29this simmary is presented.
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Country Standard Subject Brief description
Finland Document: Limits of harmonicsin electricd Voltage Establishes limits taken into account
networks. Current voltage level. Establishes THD limit.
Psofometric noise
France Document: Regulations on converters Voltage Takesinto account the shortcircuit level at
install ation considering the feeding network the point of connedion. Makes difference
characteristics. between LV, MV and HV.
New Zeland | Document: Limitson the levels of harmonics | Voltage Takes into account the shortcircuit level at
content, 1981. Current the point of connedion.
Psofometric Noise
Poland Document from the Electricd Engineging Voltage Makes diff erence between LV, MV and
Institute of Katowice, 1980. HV.
Sweden Document from the Electric Supply Voltage Establishes power limits of the install ed
Authority,1973. equipment in accordance with the
shortcircuit level at the connection point.
Establishes THD limit. Makes difference
between LV, MV and HV.
South Africa | Document from the Electric Supply Voltage
Authority,1977.
UK. BS 5406-1976 = EN 5006 Voltage Domestic Equipment.
UK. G5/2 and G5/3 Voltage Indwstrial application. Scdesin
Current acmrdance with equipment power.
Australia AS 2279, 1976. Voltage Covers U.K. and European standards.
Current
IEEE IEEE519: Practice and Requirements for Voltage Establishes power limits of the installed
Harmonic Control in Electric Power Systems, Current equipment in accordance with the
1989 shortcircuit level at the connection point.
Establishes limits of individual harmonics.
Establishes THD limit. Makes difference
between LV, MV and HV.
Russa GOST 13109-1979 Voltage
Germany DIN 57160 Part 2 Voltage Establishes power limits of the install ed
VDE 0160 Part 2, 10.75 equipment in accordance with the
shortcircuit level at the connection point.
Establishes limits of individual harmonics.
Establishes commutation limits.
IEC 1000-3-2 Current LV,I<16A
IEC 1000-3-3 Voltage (Flicker) LV,I<16A
IEC 77 Voltage Distribution networks.
IEC WG CC02 (CIGRE 3.6.05/CIRED 2,1992) | Voltage HV. Considers individual harmonics and
THD.
IEC 555-2 Voltage/Current Standard artificial network.

Domestic equipment.

Fig. 2.29. Summary of international standards on hermonics.
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VOLTAGE FLICKER

Voltage fli cker refers to rapid fluctuations in the voltage level (presenceof harmonicsin
the voltage wave).

These fluctuations can be very annoying for locd eledricity users, as they cause light
bulbs to "flicker" instead of producing steady light. Fluctuations at frequencies close to
8 Hz cause the most annoyance

For pradicd purposes, a severity index (Pst) is defined based onmeasurements every
10minutes. Pst = 1is considered the limit under which no dsturbance shoud be
observed [4].

The dasdc "danger situation” for voltage flicker [9] iswhen ore or two fixed-speal
wind turbines are mnreded to aweak rura network with low fault levels. The power
output of wind turbines varies rapidly due to wind turbulence and ona system with low
fault level this can result in vdtage fluctuations. A wind farm with several turbinesis
lesslikely to cause flicker, as the variations in the power outputs of the different
turbinestendto cancel out. Furthermore, a system with hedthy fault levelsis unlikely

to suffer from fli cker as aresult of the mnnedion d one or two of wind turbines.

The patentia to cause voltage flicker is peauliar to fixed-speed wind turbines, and is
dueto the dedricd characteristics of induction generators. Variable-speed wind
turbines are lesslikely to cause flicker. Generator sets and ather types of generators
operating at constant power output do nd cause fli cker.

In all cases, the particular standards and regulations on fli cker must be wnsider. They
will limit the anourt of EG to be cnnected.

HARMONICS

Idedly, the voltage and current at any point in a distribution system shoud have a
perfectly sinusoidal, 50Hz waveform. However, thisisnot the caein practice There
are various ources of harmonics conneded to the networks (inverters, compad
fluorescent lights, etc.).

Inverter-coupged embedded generation schemes also introduce harmonics into the

network.
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The standards which refer to harmonics, usually limit the value of individual harmonics
and/ or the value of THD (Total Harmonic Distortion).
The THD is defined as foll ows:

)

1

THD(%) = 152

where,

C, isthe fundamental comporent (1% order).

C, isthe k harmonic component.

The standards regarding harmonics will be alimiti ng fador in the degree of penetration
of EG.

VOLTAGE SAGS

A voltage sag is a decrease in the RM S acvoltage, at the power frequency, of duration
from 0.5cycles (10 msfor 50 Hz systems) to 1 minute.

In acordanceto their duration vdtage sags may be divided as foll ows:

* Instantaneous: from 0.5cyclesto 30cycles.

*  Momentary: from 30 cyclesto 3semnds.

e Temporary: from 3 secondsto 1 minute.

The processof starting an EG can sometimes produce voltage sags in the distribution
network. These sags are caused by inrush currents, which may occur when transformers
or induction generators are energised from the network. Synchronous generators do nd
giveriseto inrush currents themselves, bu their generator transformers may do so if
they are energised from the network.

In addition, vdtage sags can be produced whenever a generator is suddenly

disconreded from the network due to faults or other occurrences.

96



Voltage sags may produce several problems in the networks such as:

» Unwanted tripping of sensitive controls

* Droppng out of relay contads

» Mafunction d sensitive equipment (PLC, medica equipment, etc.)

There ae standards which establi sh which vdtage sags are tolerable and which ores are

not in acordanceto their magnitude and duation. In Fig. 2.30and Fig. 2.31two

diff erent tolerance aurves are presented.

IEEE 446 - 1987 Limits
CBEMA
400
\\
300 ™ 4
vo:‘g * 200 \\
poreemt \B/::‘:::M Concem| i \\
ol Nt 11s% Joen
100 Compul-tVoliagI- ; Lr;
Totersmcs Eiriioe i =
Lackof‘smd Energy In LT 411
Sovmmen |0
:.001 D.;)'l ll'.l 05 1.0 6 10 30 100
Time in Cycles (60 Hz) 2s

1000

Fig. 2.30. IEEE446tolerance arves.
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Revised (1996) ITIC Tolerance Curves

I

Apopilicable to 120, 120/208, and
120/240 Nominal Voltages

Parcent of Nominal Voltage (RMS or Peak Equivalent)

2 " . L L
0001e  00tc 01c :08cic 10c : 100c ;1000 ]
Tus 1ms 3me 20ms 0ss 103 Steady
Duration of Disturbance in Cycles (c) and Seconds (s)

Fig. 2.31. ITIC tolerance arves.

VOLTAGE AND CURRENT UNBALANCE

The onrection d unbalanced loads and generation to the distribution retwork can
result in unkalanced currents and vdtages. However, the vast majority of EG schemes
use 3-phase generators or inverters, which inject balanced currents into the distribution
network. Such generation schemes do nd increase levels of voltage unbelance in the
network. Infad, embedded generators which use 3-phase induction generators can
adually reduce voltage unbal ance.

On the other hand, in the particular case of some induction generator plants, the levels
of voltage unkalance (negative phase sequencevoltage) can causerelatively large
negative sequence arrrentsto flow [8]. Thismay cause overheating or tripping of the
generator protedion in some cases.

For each EG scheme, thisissue shoud be asses=d.
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2.2.3 Protection and stability

Theinstalation d an EG must nat adversely affed the distribution retwork and aher
customersin the network. As aresult, the design of the protection system isan

important issue to consider.

At least, ore drcuit bredker must be install ed at the paint of supgy to the generator
install ation to alow isolation d the EG from the distribution retwork. In genera, the
locd distribution company will requirethat a drcuit breaker isinstalled ontheir side of
the paint of supgy to alow them to dsconred the EG from the distribution system if
necessry.

Anather circuit breaker could also be install ed onthe developer “s sde of the point of
suppdy. Thiscircuit bregker provides badk-up to the first circuit breaker and all ows the
developer to provide their own isolation and earthing for maintenance of the generator
install ation. Both alternatives [9], ore or two circuit breakers for the EG, are shown in
Fig. 2.32.

= | ocd distribution network ‘s

infraestructure
LOCAL L )
DISTRIBUTION Customer s assets
COMPANY 'S

CIRCUIT BREAKER

T4— POINT OF UPARLY — P,

;

SINGLE CIRCUIT BREAKER DUAL CIRCUIT BREAKER

4—— CUSTOMER’S
CIRCUIT BREAKER

Fig. 2.32. Circuit bre&ers at the point of suppy.
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In some caes it may be passble for the devel oper to make st savings by omitting the
seandcircuit bregker. However, if thereis only one bre&er, local distribution
company ~ sengineers haveto be called ou to provide isolation and earthing of the

generator install ation, and the locd distribution company could charge for this srvice.

It isimportant to nde that generator install ation may include alditional circuit breakers,
isolators or other switchgear, to al ow isolation d individual madines or transformers.
An emergency trip butonisusualy required at the point of supgy, to enable the
generator to trip the locd distribution company-owned circuit bredker in the event of an
emergency. The anergency trip butonis generally located in the substation where the
locd distribution company ~ s circuit breaker isinstalled. The button must be located in
an area of the substation, which can be accessed by the developer “s personrel.

The protedion system must deted and isolate faults in the generator install ation. A list
of the usual relays for these install ations is presented below [1]. Depending on the
particular case, the totality or part of this equipment will be used in the generator

install ation.

1. Under voltagerelay. It can beinstantaneous or temporised. An under voltage may
occur if a drcuit breder in the distribution retwork that opens, produces a situation
in which the system demand is higher than the generation (i.e. overloaded system or
nonaaceptable loaded system).

2. Over voltagerelay. It can beinstantaneous or temporised. An ower voltage may
occur if a drcuit breder in the distribution retwork opens and the generator
excitation control is not able to limit the voltage raise.

3. Under and over frequency relay. It can be instantaneous or temporised. When the
generator isworking in an islanding condtion, the governor could na be aleto
keep the frequency within the statuary limits. The under/over frequency relay
provides an additional way to disconned the generator in that situation.

4. Over current, voltage controlled relay. It is generally temporised. It provides
protedion against short-circuits and ower currents.

5. Synchronismrelay. It isused for synchronic generators. It avoidsthe mwnnedion d

the generator when the synchronism conditions are not present. It verifiesif the
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magnitudes and phases of the system and the generator voltages are within
acceptable limits.

6. Voltage presence An equipment is used to avoid the mnnedion d the generator to
anetwork that is not energised.

7. Reversepower. A relay avoids the generator to work as a motor.

In Fig. 2.33,thelocaion d these relays in the generator install ationis sown.

SUBSTATION

1

52 CROUIT
BREAKER

DR

SURGE ARRESTER

|:| 52
3xPT
@ @EE—
xcT () 51V
REFERENCES:
27 —Under voltage relay. 51V — Over current, voltage cntrolled relay.
59 —Over voltage relay. 25 —Synchronism relay.
81/ U — Under frequency relay. 27 —Voltage presencerelay.
81/ O — Over frequency relay. 32 —Reverse power relay.

Fig. 2.33. Protedion scheme for the generator install ation[1].
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In generd, al these relays operate with temporisationin order not to open the arcuit
unrecessarily (e.g. in the case of transient events such asload changes). Fast re-closing
in the radial network where the generator is conneded shoud be avoided because the
generator isolation canna be guaranteed before the re-closing is dore.

A possble solutionisthe use of synchronism relays that verify synchronism before re-
closing. Thisisnat an usua practicein dstribution retworks. Ancther possbility isto
verify the presence of voltage in the generator side of the re-closer. If the voltageisless

than a set value then re-closing is dore.

A particular situation that requires gecia considerationisislanded operation. This
situationis presented in Fig. 2.34where an eledrical fault in the distribution retwork
producesthetrip of circuit breskers A and B. Asaresult, apart of the distribution
network is disconneded from the main grid supdy. Generator G, continues its
operation feeding the site load (SL) and the network load (NL) (islanding operation).

Opened circuit

/7 bregkers

e = e oo K .

ISLANDED
SECTION OF

GENERATOR i
G |
@ N

i i NETWORK i
: ! LOADS !
! i NL !

Circuit bre&er to disconned generator

SL from the network

Fig. 2.34. Idanded operation d asedion d network.
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Islanded operation may lead to vdtage and frequency fluctuationsin the islanded
sedion d the network. There ae obviously consequences on quality of supgy; in
addition, the generator could trip. Moreover, it isamatter of concern that the islanded

part does not reclose out of synchronism.

Protedion against this stuationis acieved by using lossof mains protection which
aimsto deted when the generator isislanded and to disconrect it from the network.
Lossof mains protedionis commonly implemented using rate of change of frequency
relays, usually referred to as ROCOF relays.

Although lossof mains protection systems will deted islanding in most cases, thereis
no system which can guarantee to deted it in all cases[9]. Problems can arise when the
islanded part of the network includes loads which closely match the output of the EG.
To guarantee lossof mains protedion, inter-tripping with the locd distribution
company ‘s circuit breaker must be provided.

On the other hand, in some cases the distribution company could useislanded operation
to guaranteethe supdy to asiteload. Inthese caes, astudy of the feasibility of such
operation shoud be performed.

It isimportant to nae that athough it is very important to consider the protedion issues,
the asciated costs do nd affect the st base of the EG projed.

With reference to stability, studies ontransient and vdtage stability shoud be
performed in systems with high degreeof EG penetration.

In the past, with noEG penetrationin the distribution retworks, stability was not a
matter of concern. Asthe network was passve, it remained stable under most
circumstances, provided the transmisgon retwork was itself stable.

In networks with very low EG penetration, stability is gill not a problem.

However, whil st the levels of EG penetration kegin to increase, bah transient aswell as

long term dynamic stabili ty and vdtage wll apse studies become necessary.
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2.2.4 Methodsand toolsused in network planning and design

EG includes gochastic sources such aswind, light or water flows. Consequently it can
nat be ssessed using deterministic tedhniques such as traditional load flow analysis.
New techniques which take into accourt the probabili stic nature of generation and loads
have to be used.

For example, aredistic impresson d when and where overvoltages or undervoltages
occur over awhale period d study canna be obtained by seleding combinations of
consumer loads and EG power production. However, a better analysis could be made
using Probabili stic Load Flow [32] or Monte Carlo Simulation based power flows.

In [32], an appropriate set of tools were designed for technicd studies and pricing of
networks with EG.
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CHAPTER 3

CASES OF STUDY::
ARGENTINA AND CHILE

3.1 ARGENTINE CASE

3.1.1 Degreeof penetration of EG in Argentina

In acordanceto Seaetariat of Energy “s Report 1998[29] and[2], generationin
Argentinamay be split up into the foll owing types:
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« MEM: Itrefersto generationthat is centrally dispatched by CAMM ESA and sold
inthe Wholesale Eledricity Market. It is generation conneded to the transmisson
network.

* MEMSP Itrefersto generationthat is centrally dispatched by CAMM ESA and
sold in the Southern Patagonian Wholesale Electricity Market. It is generation
conreded to the transmisson retwork.

* INOMEM: It refersto generationthat is conrected to the SIN but it isnat centrally
dispatched by CAMMESA. In general, this generationis embedded in dstribution
networks. It can be part of aprovincial eledricity company or part of aprivate
distribution company. In thefirst case, the provincial company is owned by the
provincial government and operates as a verticdly integrated electricity industry,
which buys the energy not locdly produced in the wholesale dedricity market. In
the seaondcase we ae talking abou generators that were dready installed in the
distribution retwork at the moment of concesson and therefore were included in
that concesson.

* ISOLATED: It refersto generation that provides electricity in those aeas not
conreded to the national interconneded system (isolated areas). We ae referring
to small i solated distribution retworks with their own generation.

» SELF- PRODUCERS: Refersto industries that producetheir own electricity but
also buy eledricity in the market. Moreover, in the particular case that they also
sell eledricity, they are cdled SELF-GENERATORS. Inthiscase, SELF-
GENERATORS are centrally dispatched by CAMMESA.

SELF-PRODUCERS are install ed bah in the distribution and transmisson system.

The cae of CO-GENERATION isincluded in thefirst two types (MEM and MEMSP)
becaise m-generationisalways centraly dispatched by CAMMESA. Co-generators
areindustries that produce éedricity for their own industrial purposes but also sell
some of the dectricity produced in the market. They are diff erent from SELF-
GENERATORS because they never buy eledricity in the market.

In general, CO-GENERATION in Argentinaisinstalled in the transmisson system.

From our definition d EG (Chapter 2) it results that for the evaluation d the anourt of

EG in the agentine system we have to consider:
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e The anourt of INOMEM generation.
¢ The anourt of SELF-GENERATION in the distribution retworks.
e The anount of CO-GENERATION in the distribution networks.

In addition, we ae going to evaluate the anount of isolated generation (1G).

From Seaetariat of Energy “s Report 1998[29] and for the purpose of this projed, the

foll owing data was obtained.

ELECTRICITY GENERATION IN MWh - YEAR 1998

SYSTEM CC D W H NUC GT VT SO TOTAL %
MEM 4976359 9 0| 22969267 7452828( 11297515( 15914171 0| 62610149 91.45
MEMSP 0 0 0] 2267061 0[ 1316140 0 0] 3583201 5.23
INOMEM 294 8504 2823| 1191885 0 263 0 0| 1203769 1.76
ISOLATED 0f 454818 29718 75268 0f 217016 0 17 776837 1.13
TOTAL 4976653| 463331 32541| 26503481| 7452828| 12830934 15914171 17( 68173956
SELF-GENERATORS 286344 0.42
COGEN. D (1) 0 0.00
TOTAL AVAILABLE ENERGY 6.8E+07 100
IMP. - EXP. (2) 8000230
LOSSES BOMB. (3) -260685
TOTAL GEN. OFFER 7.6E+07
% EG 2.18
% 1G 1.13
REFERENCES:

CC: Combined Cycle H: Hydro VT: Vapor Turbine

D: Diesel NUC: Nuclear SO: Solar

W: Wind GT: GasTurbine

(1) COGEN. D. refersto CO-GENERATION connected to the distribution system.
(2) IMP. - EXP. = Imported electricity - Exported Electricity
(3) LOSSES BOMB. refersto losses due to bombing in generating plants.

Fig. 3.1. Tota generationin Argentinain 1998(in MWh).




COMPOSITION OF GENERATION IN 1998 (% of total MWh)

100.00
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Fig. 3.2. Composition d generationin Argentina (1999.

COMPOSITION OF EG IN ARGENTINA (1998)

CC D W H NUC GT VT SO SELFGEN TOTAL
294 8504 2823] 1191885 0 263 0 0 286344 1490113(MWh
0.02 0.57 0.19 79.99 0.00 0.02 0.00 0.00 19.22 100.00|%
REFERENCES:
CC: Combined Cycle H: Hydro VT: Vapor Turbine
D: Diesel NUC: Nuclear SO: Solar
W: Wind GT: GasTurbine

SEL FGEN refersto SELF-GENERATION

Fig. 3.3. Compasition d EG in Argentina (1998.

COMPOSITION OF EG IN ARGENTINA (% of MWh)
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Fig. 3.4. Composition d EG in Argentina (1998.
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COMPOSITION OF ISOLATED GENERATION IN ARGENTINA (1998)

CC D W H NUC GT VT SO TOTAL
0 454818 29718 75268 0 217016 0 17 776837 MWh
0.00 58.55 3.83 9.69 0.00 27.94 0.00 0.00 100 %
REFERENCES:
CC: Combined Cycle H: Hydro VT: Vapor Turbine
D: Diesdl NUC: Nuclear SO: Solar
W: Wind GT: GasTurbine

Fig. 3.5. Compasition d isolated generationin Argentina (1998.

COMPOSITION OF ISOLATED GENERATION (% of MWh)
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Fig. 3.6. Compasition d isolated generationin Argentina (1998.

From the previous figures it results that, from the total energy productionin Argentina
(1998, 2.18% comes from embedded generators. This value was obtained by adding
the production d INOMEM generation dus the production d SELF-GENERATORS.
It isimportant to nae that INOMEM generators are owned by locd distribution
companies or provincia eledricity companies. Consequently, the energy produced by
INOMEM generatorsis used, by these mmpanies, to deaease the anourt of energy
they bought in the wholesale market.

On the other hand, the production d SELF-GENERATORS considered here, is traded
in the wholesale market.



From Fig. 3.4it isclear that EG is composed basicdly of hydro generation (80 %) and
self-generation (19.2%). There are dso small amourts of wind generation (0.2 %) and
diesel generation (0.6 %).

The amourt of isolated generation (IG) in the argentine system is 1.13% (Fig. 3.2
which is compaosed basicdly of 58.6% of diesel generation, 27.9% of gas generation,
9.7 % of hydro generation and 3.8% of wind generation (Fig. 3.6. Thereisalso a

small propation o solar generation.

If we now analyse theinstalled generation cgpaaty we obtain the foll owing resullts.

GENERATION CAPACITY IN ARGENTINA IN 1998 (kW)

SYSTEM GC VC DI W HB HI NUC GT VT SO | TOTAL %
MEM 1539800[ 512900| 8800 0| 974000| 7585380 1018000 3051240| 4581000 0[ 19271120 83.62
MEMSP 0 0 0 0 0| 494720 0 336200 0 0 830920 3.61
INOMEM 48640| 22400( 320069| 13250 0| 263868 o[ 152200 22400 0| 842827 3.66
ISOLATED 0 0| 237473 2 0 8417 0 107080 0 25| 352997 1.53
TOTAL 1588440( 535300| 566342 13252| 974000| 8352385 1018000 3646720| 4603400 25|21297864
SELF-PRODUCERS 1748317 7.59
TOTAL GENERATION 23046181 100
CAPACITY AVAILABLE
% EG 11.24
% I1G 1.53

REFERENCES:

GC: Combined Gas Cycle H: Hydro VT: Vapor Turbine
VC: Combined Vapor Cyle NUC: Nuclear SO: Solar
W: Wind GT: GasTurbine D: Diesel

Fig. 3.7. Generation capacity in Argentina (1998.
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COMPOSITION OF GENERATING CAPACITY (%)
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Fig. 3.8. Composition d generating cgpadty in Argentina (1999.

From Fig. 3.7and Fig. 3.8it may be seen that the proportion d EG capadty installed in
Argentina (1998) is 11.24%. Thisvaue seemsto belargeif we compareit with the
propation d EG energy production (2.18% in Fig. 3.2. Thereasonfor obtaining this
number isthat we ae alding to the INOMEM cagpacity (3.66%) the total self-producers
cgpacity (7.59%). The mgority of the energy produced by self-producersis consumed
by themselves (only 286344 MWh are traded from atotal of 5995606 poduced by self-
prodwcers, which represents 4.8%).

Theinstall ed capacity of IG is 1.53%, whichis closeto the value of 1.13% obtained in
Fig. 3.2.

The Eledricity Supdy Program for Dispersed Rural Popuationin Argentina
("PAEPRA") promotesthe IG in rural areasin Argentina, which are not reached by
eledricity networks.

The different areas are given in concessonto private cmpanies, which are in charge of
the dedricity supdy to the aea The awstomers pay afair tariff for the dedricity
consumed and the national and provincial governments make an extra payment to the
company. The mncesgonis made to the cmmpany who requires the lower subside.

In Fig.3.9thereisalist of some of the projects under this program. It isimportant to

note that these projectsinvalve the use of renewable energy.
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PROJECTS TYPE
Projed N° 1 - Thermal-eledric plant using bio-mass waste Bio-mass
Projed N° 2 - Eledrification of Rural Schoolsin Santa Fe PV
Province
Projed N° 4 - Wind Farmin Cerro Arenales (10 MW) Wind
Projed N° 6 - Hydro generation for Rural Areas Hydro
Projed N° 8 - Install ation of Micro-turbines at River De los Hydro
Sauces
Projed N° 10 - Install ation Program of a Bio-gas plant in Bio-gas
Mendozaprovince
Projed N° 23 - Eledricity Supply using Wind-Solar generation Wind-Solar

in San Juan province

Fig. 3.9. Some of the projects under the Electricity Supdy Program for Dispersed

Rural Popuationin Argentina[43].
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3.1.2 Regulationson EG in Argentina

From the analysis of the agentine Energy Act, it results that there ae no spedfic
regulationson EG. EG istreated in the same manner as diredly conneded generation

(generation conrected to the transmisson systems).

The Energy Act recognises three types of generationin Argentina:

1. MEM Generator: It isan entity which (unique) adivity is slling eledricity in the
WEM.

2. SELF-GENERATOR: It isan eedricity consumer, which generates electricity asa
sendary product, bu its main adivity is the production d commodities or
services. A self-generator may buy and sell eledricity in the WEM.

3. CO-GENERATOR: It isan entity, which generates eledricity, vapou or other
types of energy for industrial purpases. A co-generator may only sell (does nat buy)
eledricity in the WEM.

Consequently, anew EG which is conrected to the SIN has only three passhiliti es:
1. BeingaMEM Generator.

2. Being a SELF-GENERATOR.

3. Being aCO-GENERATOR.

It isimportant to nae that alarge anourt of the present EG in Argentina (see3.1.1) is
of nore of these types because, as explained before, they remained as part of provincial
systems or distribution concesgons at the time of deregulation.

However, for new projects only the threetypes explained are possble.

In al cases, agenerator will need approval from the Secretariat of Energy and
CAMMESA in arder to beacome amember of the WEM and to be ale to sell eledricity.
In acordanceto the Energy Act, Self-generators and Co-generators are treated as MEM
Generators. In addition, Self-generators and Co-generators must have an install ed
cgpacity of at least 1 MW and an average aanual avail abili ty of 50 % in order to become
members of the WEM.
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There ae nospedal tariffsfor EG. A new EG in Argentinawill be one of the three
types of generators Pecified above and will be paid in accordance to the aiteria
establish in Chapter 1 for all generators.

Thisis different from the situation in courtries such as Greecewhere EG is al owed to

get 90% of theretail priceof eectricity.

CONNECTION COSTS

From the statistics presented in 3.1.1it is clea that the mnnedion d new embedded

generationisnat an usua pradicein Argentina.

The analysis of [2] leads to the anclusion that a generator which isto be connected

embedded in the distribution retwork must follow what is established in Annexe 28.

The distribution company has to give open accessto its existing network capacity.

However, it isnot obliged to expand the system in arder the generator to be cnneded.

For the expansion d the system, an agreement between the generator and the

distribution company must be held [2, Contrad between perts, AccessRegulation]. Two

diff erent procedures may be foll owed:

» thedistribution company is resporsible for the mnstruction, ogeration and
maintenance of the expansion,

or

» the generator makes the expansion and the distribution company isin charge of the

operation and maintenance.

In al cases, the generator has to pay the @sts of the expansion correspondngto the

cgpacity it will use.

As aresult, the new EG has to pay for any reinforcement in the distribution retwork,

which corresponds to what we have cdled as "deg connedion” in Chapter 2.
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DISTRIBUTION USE OF SYSTEM CHARGES

These charges foud be agreed between the distribution company and the generator.
However, Annexe 28 d [2] establi shes maximum appli cable tariffs.
The dharges include the following comporents:

« Conredion: correspondto the payments associated to operation and maintenance of
al the mnredion and transformation equipment. The payments depend onthe
level of quality service.

» Transport Capacity: correspondto the payments associated to operation and
maintenance of the eguipment used for the dedricity transport service. The
payments depend also onthe level of quality service.

» Transported Energy: are calculated from the difference of the value of the energy at
the receiving busbar and the value of the energy at the sending busbar.

In Fig.3.10,the maximum appli cable tariff s established in Annexe 28 d [2] are shown.

BASE VALUESFOR DUSCHARGESREFERRED TO MAY 1994 IN $

Connection
For each 220kV feeder $4/hr
For eac 132kV or 66 kV feeder $2/hr
For eat 33kV (or lesy feeder $15/hr
For eat step-down dedicated transformer $015/hr/ MVA

Transport Capacity

For 220 kV lines $ 45/ hr/100km
For 132 kV (or lesg lines $ 43/ hr/ 100 km
For 220 kV cables $ 90/ hr / 100 km
For 132 KV (or les9 cables $ 85/ hr/100km

Note: 1$=1USD

Fig. 3.10. Distribution wse of system (DUS) maximum charges.
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ALLOCATION OF LOSSES

In Argentine, the method d all ocaing the ast of losses in the distribution systems
consists in averaging them among all customers. These wsts are part of the whale tariff
that customers pay to the distribution company. No specia considerationis given at
present for individual customers such as EG, which may reducethe anourt of lossesin
the network.

EXTERNALITIES

Environmental externalities

Thereisalaw, in Argentina, which promotes wind and solar energy (Law N° 25019
together with Decree N° 159799). An additional payment of 0.01USD / kWh ispaid
to these type of generators. In addition, areduction d taxes that this energy pay is

applied.

Security of Supply

Generators may sell electricity either in the contrad market or in the spat market as
explained in Chapter 2. The payments they receive ae aciated to the energy
delivered and the capadty made available ($PPAD).

In acordanceto Annexe 12 d [2], for the case of Self-generators and Co-generators,

the foll owing definitions apply:

» Firm-capadty: The caacity sold by the generator in the houly spat market is
considered firm if that sale was programmed in the Weekly Programme and if it
does nat exceal for more than 20% the off ered capacity for that day.

* Nonfirm-capadty: The cgacity sold by the generator in the houly spot market is

considered nan-firm if the sale was not programmed in the Weekly Programme or if

programmed, the cgacity exceed for more than 20% the offered power for that day.
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The firm cgpadty sold to the WEM by a Self-generator or Co-generator is paid for the
energy at the hourly nodal energy price, and for the capadty at the hourly cgpadty
price The non-firm capaaty sold at the WEM isonly paid for the energy at the hourly
nodal energy price

Consequently, an ERG which production varies gochastically has difficultiesin selling
firm cgpacity under the agentine law. Therefore, in these cases, generators will only

get paid for energy sold.

VOLTAGE REGULATION AND REACTIVE POWER

In acordanceto [2], al the participants of the WEM are resporsible for voltage

regulation and for the control of reactive power flows.

MEM generators must inform CAMM ESA the nominal P-Q cgpadty curve of the
generator.

CAMM ESA must define, together with the Seaetariat of Energy, the minimum
standards for new generators regarding to:

e thenomina P-Q cgpacity curve

* theseaurity margins

» the network reguirements

Each MEM generator isobliged to deliver:

» atany time, urtil 90 % of the readive power limit of the generator at any
operational paint in the P-Q cgpadty curve, for the generator working at maximum
refrigeration resaure

* 100% of the readive power limit for 20 minutes in intervals of 40 minutes each.

In addition, the MEM generator must control the voltage & thase busbars that
CAMMESA ask the generator to control.



In the cae of Self-generators and Co-generators the foll owing rules apply:

» For firm-cgpadty generation, the generator must foll ow the establi shed P-Q cgpaadty
curve (same case & MEM generators).

» For nonfirm-cgpadty generation, the generator cosine-phi must fall between 0.85

inductive and 0.97cgpadtive.

It isimportant to nae that, in accordanceto [2], generators are nat paid for the readive
power delivered (*). On the other hand, they are penalised if they do nd med their

reacdive power flow requirements.

POWER QUALITY

ENRE resolution 9997 defines limits of flicker and harmonic contentsin current in the
argentine ESI.

The resolution considers bath the distributionat LV and at MV levels. In addition, the
locaion where the measurements have to be dore, the measurement equipment, the
measurement period and methoddogies to measure ae defined. Moreover, the

penali sations for the cases of non-compliance of this resolution are establi shed.

Voltage flicker
In Fig.3.11,asummary of the argentine standard onflicker is presented. It isimportant

to nae that the limits onflicker are established in ac@rdance to the contraded pover

and nd to the acual current that is flowing at the moment of measure.

(*) Thereisan exception that corresponds to the cae when a generator covers the readive power that

another generator was suppaosed to supply, but acdually did not.

11€



Tariff Contraded Power M easurement LV U<1kv MV  1kV <U<66kV
Impedance HV 1kV<U<220kV
T-1 P<10kW Pst=1
T-2 10 kW < P< 20 KW Pst=1
T-2 20 kW < P< 30 KW Reference Pst=1.26
T2 30KW <P <40 KW Impedance Pst=158
T-2 40 kW < P< 50 kw Pst = 1.86
T-3 P> 50 kW The minimum K1<0.1 Pst =0.37
value of: 0.1<K1<02 0.46
K1=8 / Sumer 02<K1<04 0.58
a Network 04<KL1=06 | 067
cosp = 0.85 when cdculating S, | impedance. 0B<Ki<0B 072
b. The 0.8<K1 0.76
T-3 P =50 kW impedance that at K2 <0.005 Pst =0.37
nominal current 0.005<K2<001 0.46
K2=S /S produces a 001<K2<002 | 058
voltage drop of 0.02<K2<0.03 0.67
cosp = 0.85 when caculating S. 3%, 003<K2<004 074
0.04<K2 0.76
Notes:

1. Sumer isthe transformer capacity where the customer is connected.

2. S isthe contracted complex power cdculated using a power fador of 0.85.

3. S isthe shortcircuit power at the astomer supply point.

Fig. 3.11. Argentine standard onflicker (ENRE Resolution 9997).

Current harmonics content

Onceagain, the limitsin current harmonic content are given considering the contraded

power and the voltage level. InFig. 3.12,asummary of the argentine standard on

current harmonic content is presented.
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Harmonic

[n]

Tariff T-1
LVU<1kv P<10kW

Tariff T-2
LVU<1kv P<50kW

Tariff T-3
MV 1kV<U<66kV P=50kwW

Tariff T-3

HV 66 kV < U < 220 kV

Maximum accepted current (A)

M aximum accepted current in per cent of |mesured/ l1n

ODD HARMONICS NON MULTIPLES OF 3

5 2.28 12.0 6.0
7 154 85 51
11 0.66 43 29
13 0.42 3.0 22
17 0.26 2.7 18
19 0.24 1.9 17
23 0.20 16 11
25 0.18 16 11
>25 45/n 02+08x5/n 0.4
ODD HARMONICS MULTIPLES OF 3
3 4.60 16.6 75
9 0.80 22 2.2
15 0.30 0.6 0.8
21 0.21 04 0.4
>21 45/n 0.3 0.4
EVEN HARMONICS
2 2.16 10.0 10.0
4 0.86 25 38
6 0.60 10 15
8 0.46 0.8 05
10 0.37 0.8 0.5
12 031 04 05
>12 3.68/n 0.3 05
---------- 20.0 12.0
THD (%)
Notes:

1. Iy isthe nominal current corresponding to the contracted power (P), cdculated using a power factor of 0.85.

2. All current values are RMS and in Amps.

Fig. 3.12. ENRE Resolution N° 99/ 97. Limits on current harmonics.
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Compar ative study between the Argentine standard and |EEE 519

In [4] a cmmparative study between the agentine standard and IEEE519has been dore
considering the case of tariff T-3in MV and for the casethat I« / |1y (ratio between
short circuit current and maximum load current) is between 100and 1000. The
conclusion was that the agentine standard is more tolerable, in particular when
considering current harmonics 5, 7and 11. With reference to the THD, the argentine
standard valueis 12 % for the cae of consideration whilethe IEEEvaueis7.5%.

METHODSAND TOOLSUSED IN NETWORK PLANNING AND DESIGN

From the analysis of the Technicd Procedures N° 1[2], it isclea that the methods and
todsused in network planning and design are deterministic methods.

The requirements for the conrnection d new generation includes the study of:

» the dfeds of the new generation onthe network transport cgpacity

» the over-voltages, over-currents, shortcircuit currents and aher eff ects that may
affect the life of install ed equipment

» the dfedsonthe servicequadity

» the dfedsonthe system operational costs

These studies must be done by the developer and are revised by CAMMESA.

The studies are caried onby using power flow programmes, short-circuit programmes
and stabili ty programmes. For the analysis, a set of different scenarios are defined.
These scenarios consider the actual system operation and passble particular emergency
cases that are produced in accordance with a Reference Guide that is periodicdly
adualised by CAMMESA.

In Fig. 3.13,areferencetable with the studies that must be caried onin accordance
with the Tedhnicd Procedures N° 1is shown.
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Typeof installation

Stage (*) Study New Generation New Demand Increasein
transport capacity
1 Power flow Yes Yes Yes
1 Short-circuit Yes Yes(1)
1 Transient Stability Yes Yes(2) Yes(2)
1 Transport requirements | Yes Yes Yes
2and/or3 Electromagnetic Yes Yes(3) Yes
transents
2and/or3 Deep transent stability | Yes(2) Yes(2) Yes(2)
studies
2and/or3 Blad start Yes
2and/or3 Islanding Yes Yes(4)
2and/or3 Regulators adjustment | Yes
2and/or3 Small perturbations Yes
Notes:

(1) If thereisachangeinsthe transport system configuration.

(2) When there areimportant changes in transported power or energy.

(3) When voltage perturbations are introduced (flicker, harmonics, fast load changes, etc.).

(4) When the value of the new demand imposes the study.

(*) Inacmrdance with Technica Procedures N° 1, threediff erent stages are defined for new connections to the transport system:

Stage 1: Accessto the transport capadty and extensions.
Stage 2: Detailed technicd design.

Stage 3: Design and gptimisation d the control systems.

Fig. 3.13. Reference studies table for new connedions.
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3.1.3 Conclusions

From the analysis made in 3.1.1it resulted that from the total amourt of energy
produced in Argentinain 1998, 2.186 came from EG. From this number, nealy 20 %
came from SELF-GENERATORS and the other 80 % from INOMEM generators.
INOMEM generators are, in general, part of the still verticdly integrated provincial
systems, owned by the provincial governments. Consequently, as mentioned before, the
energy produced by INOMEM embedded generatorsis not traded in the market. This
energy is actually used to decrease the anourt of energy that provincial companies must
bought in the WEM.

As aresult, the anourt of energy produced by EG and traded in the market is that
produced by SELF-GENERATORS, and this corresponds to 0.42% of the total
production.

The analysis of the regulation framework donein 3.1.2shows that the present
arrangementsin Argentina, do nd consider thered value of EG.

Thetariff structures consider EG as any other generation in the network nat taking into
acour its stuation with resped to the load. No additional valueis placed to EG
tariffs, thus making EG to compete diredly with central generation.

When looking at the connedion costs within the present arrangementsin Argenting, it is
clea that EG is obliged to pay "degy connedion” charges. In Chapter 2, it was
discussed that conredion charges were not an isue itself, bu part of the whole
distribution wse of system charges palicy. It was discussed there that for afair network
pricing pdlicy, eat user of the network shoud pay in acerdance to its contribution to
the total costsinvaved in the use of the network. Therefore, "deg connedion”

charges, clearly make EG to lose competiti veness

In addition, as e in 3.1.2,DUS charges do nd appropriately al ocae the st of
losses. Within the present arrangements, the aosts of losses are dl ocated by averaging
them among all customers as part of the whde tariff. No spedal considerationis given
at present for individual customers such as EG, which may reduce the total amourt of

losses in the system.
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With reference to the environmental externaliti es, an additional valueis placedl for
renewable energy. As mentioned, urder the "Wind Law" in Argentina, wind and solar
energy is paid an extra0.01USD/kWh. In addition, areductionin the taxesis applied
in the tariffs for this type of energy.

However, as senin 2.1.3(for instance, taking the values of Fig. 2.14) the
environmental costs for an ail-fired unit are, for the best case, 0.025USD / kWh, while
for renewable energy, are, for the worst case, 0.007USD / kWh. This means that an
extra payment of 0.01USD / kWh is nat enough to encourter the environmental effeds
of energy production.

Under the scope discussed in Chapter 2, eledricity tariffs snoud take into accourt, in

acordance to the type of generating plant, the environmental costs of energy.

When looking at seaurity of supgy, it is clear that the present arrangementsin
Argentina only recognise firm capacity as a source of system security. The phil osophy
applied is deterministic and daes nat take into accourt the probabili stic avail abili ty of
the energy sources. Asdiscussed in 3.1.2an ERG, which production varies
stochasticdly will only get paid for the energy produced and nd for providing
additional system seaurity.

It was clear, from the example propaosed in Chapter 2 (when referring to Seaurity of
Suppy) that an ERG with an avail abili ty of only 50 %, contributes in the system
seaurity.

With reference to vdtage regulation and readive power management, the present
arrangements in Argentinausually do nd consider additional payments for provision o
readive power, as ®€ain 3.1.2. Generators must provide the service and are penali sed
if they do nd meet their readive power flow requirements.

This appliesto al generators, embedded or nat.

Under the general phil osophy of network pricing discussed in Chapter 2, this stuationis
not adequate asit isnot cost refledive and may distort the market. However, the

situation dces not particularly discriminate EG.
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With reference to power quality, asdiscussed in 3.1.2, ENRE Resolution 9997 dsfines
limits on flicker and current harmonics. As sen, the argentine standard is more
tolerable than the IEEE519. This could lead to a greater penetration d EG in
Argentinawith resped to ather courtries, which applies IEEE519 a simil ar standards.
It isclear that, for this stuationto happen, the other aspeds of the present arrangements,
which affed EG, shoud change.

In sum, no special considerations have been taken into account, with respect to
EG, in the present Argentine arrangements.

For EG to grow in Argentina a different pricing network policy hasto be applied
which recognisesthereal value of EG.

In addition, new methods and tools haveto be defined in network planning and

design, which takeinto consideration, for example, the stochastic nature of ERG.
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3.2 CHILEAN CASE

3.2.1 Degree of penetration of EG in Chile

The analysis of CDEC-SIC Report [5] give usthe following compasition d the energy
generated in the SIC in 1998(Fig. 3.14and Fig. 3.15.

COMPOSITION OF SIC GENERATION IN 1998

H

T_NOSELF

T SELF

TOTAL

15129900

9538400

990000

25658300

MWh

58.97

37.17

3.86

100.00

%

REFERENCES:

H: Hydro Generation

T_NOSELF: Thermal Generation which is not from Self-producers
T_SELF: Thermal Generation from Self-producers

Fig. 3.14. Compasition d energy generated in the SIC in1998.

COMPOSITION OF SIC GENERATION IN 1998 (% of MWh)

80.00
60.00
20.00
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Fig. 3.15. Composition d the energy generated in the SIC in 1998.

From the previousfiguresit is clear that the energy generated in the SIC in 1998is
compased by hydro generation (59 %) and thermal generation (41 %). In addition, from
the thermal generation, 3.86% comes from self-producers. The Energy Act defines a
self-producer as an entity which main activity is diff erent from generating or
transmitting eledricity. CDEC-SIC informationisthat ailmost all the self-producers
considered in these statistics are nneded to the transmisson retwork. Consequently,

in acordanceto our definition (Chapter 2), no ore of them are EG.
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No avail able statistics were foundfrom the SING. However, it isimportant to nde that:

1. The SING hasthreetimes |lessthe capaaty instaled in the SIC.

2. Many of the major mining companies located in the SING have wnsiderable self-

generating capacity, which have been developed before the power sedor reform.

This cgpadty may be mnsidered EG, although its energy is not traded bu consumed

internally.

On the other hand, [41] gives evidenceof small amourts of isolated generation (1G)

spread ou in rura areasin Chile and aso projects to increase the anourt of 1G. There

isaNational Rural Eledrificaion Program ("PER") that promotes |G in areas not
readed by the network. They are mainly, wind-diesel and PV systems. In Fig. 3.16,

the main examples of 1G are shown.

INSTALLATIONS AND PROJECTS TYPE
Applications done by ENTEL PV
National Television of Chile PV
Army PV
PER - 2500individual domestic install ations PV
CNE - Projed - 6000 individual domestic install ations PV
CNE - Projed - 3500 individual domestic install ations W-D
CNE - Smadll rural town - 14.5 kW W-D

Fig. 3.16. IG: present install ations and pojedsin Chile.

In addition, feasibili ty studies for co-generation embedded in the chilean dstribution

networks may be found. In [33], astudy is presented which evaluates a m-generation

patential of 300MW for Santiago de Chile.




3.2.2 Regulationson EG in Chile

From the analysis of the chil ean regulatory framework it results that there ae not
speaal regulationsfor EG in Chile. EG is subjed to the same regulation as any other

generation.

However, for the particular case of self-generation (that may be enbedded or nat),

DS N° 327[23] establishes sme spedfic considerations. Article N° 168 d DS N° 327
defines a self-producer as an entity which main oljectiveis diff erent from generation o
transmisson d energy. In[33] aninterpretation d this concept for the chilean

eledricity market isgiven. In accordanceto [33], Self-producersincludes:

» Generation d electricity using fuels obtained as sub-products of a process e.g.
waste fuels from the cdl ulose industry,
» Generation d electricity form non-conventional sources, e.g. renewables,

» Thermal electric generation dants that use the hea produced in ather processes.

As aresult, although a self-producer may not be enbedded in adistribution retwork,

EGis, ingeneral, of one of the types of generationincluded in the previous concept.

Article N° 169 ¢ DS N° 327establi shes that a self-generator may integrate aCDEC
(whichisa @mndtionto sell eledricity) only if theinstalled generation cgpacity is
greder than 9MW. Asaresult, theinstalation d small (lessthan 9MW capacity)
independent EG is nat treaed in the chilean eledricity law.

What it is possible, isthat a distribution company install s its own generators to reduce
the dedricity bought inthe WEM. Thisis established in Article N° 240 ¢ DS N° 327.
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CONNECTION COSTS

In acordanceto the Chilean eledricity law, a generator which is going to be mnreded
in the network has to arrange the mnnedion costs with the cmpany which has the
concesgon d that network. This phil osophy applies both to transmisson and
distribution retworks. Inthe case that an agreament is not reached between the parties,
Article N° 51 d DFL N° 1[22] establi shes that arefereeboard must be @nstituted. The
board isintegrated by one lawyer in representation d ead part and athird lawyer to be
chosen by bath (or by the Justicein the cae of disagreement).

In addition, from the statistics presented in 3.2.1it is clear that there is no experience of
conredion d EG in Chile.

DISTRIBUTION USE OF SYSTEM CHARGES

Article N° 51B of DFL N° 1 establi shes that a generator, which is conrected to a
network, hasto pay to the mmpany, which has the network concesson, the
correspordent charges for network use. This applies both to transmisson and
distribution retworks.

Article N° 51 C establi shes that these dharges have threedifferent comporents:

3. Margina revenue.

4. Basictoll.

5. Additional tall, if necessary.

The marginal revenueis the resulting amourt of money for differences between nodi
prices (nodkl price d the generator busbar and nodl price d the buyer busbar).

The basic toll results from the summation o the O&M costs and investment costs of the
network involved in the service.

Additional toll s are paid in the cae that the generator asks to withdraw electricity from
nodes diff erent to those agreed for the basic toll.

In acordanceto Article N° 51F, the dharges are propased by the company, which has

the network concesson. Inthe cae that an agreement is not achieved with the



generator the refereeboard mentioned before (Article N°51 of DFL N° 1) hasto
dedde.

ALLOCATION OF LOSSES

In Chile, the method d al ocaing the st of losses in the distribution systems consists
in averaging them among all customers. These asts are part of the whole tariff that
customers pay to the distribution company. No special considerationis given at present
for individual customers sich as EG, which may reduce the amourt of losssin the
network.

EXTERNALITIES

Environmental externalities

As e before, the” PER” promotes the dedrificaion d rural areas mainly by using
renewable sources of energy. Thetype of generation considered urder this programme
iIslIG.

No ather incentives for renewable generation were foundin Chil e, for instance,

regarding to generation conneded to the interconnected network.
Security of Supply
Seaurity of suppy is asaured in the chil ean electricity market through the payments for

ped capadty, in accordanceto what was explained in Chapter 1.

VOLTAGE REGULATION AND REACTIVE POWER

Voltage regulation and reactive power dispatch is co-ordinated by ead CDEC. There
are no general rules. Each CDEC has an internal agreament abou the payments that

have to be doneto generators for provision d reactive power.
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POWER QUALITY

DS N° 327[23] defineslimitson:

¢ Harmonic content in current.

* Voltage sags and swells.

» Negative sequence @mporent of voltage.

* Flicker and vdtage harmonics.

The Resolution considers the distribution and generationat MV and HV levels. In

additi on, the location where the measurements have to be dore, the measurement

equipment, the measurement period and methoddogies to measure ae defined.

Theresolutionis temporary until the Mining Ministry of Chile pulishes a standard on
this subjed (Article N° 18 d DS N° 327).

Current harmonics content

The limits on current harmonic content are given considering theratio Ic/ I1n (short

circuit current over maximum load current) asin the IEEE standard. InFig. 3.17,a

summary of the Chilean Resolution oncurrent harmonicsis presented.

Expressed as a percentage of the Maximum Load Current value at fundamental frequency

Maximum Harmonic Current Distortion in the Electric System

/1L Individual Har monic Order (Odd Har monics) THD (%)
<11 11<H<17 17<H<23 23<H<35 35<H
<20 (*) 4.0 20 15 0.6 0.3 5.0
20-50 7.0 35 25 10 0.5 8.0
50-100 10.0 45 4.0 15 0.7 12.0
100 - 1000 12.0 55 5.0 20 10 15.0
>1000 15.0 7.0 6.0 25 14 20.0

Even harmonics are limited to 25 % of the odd harmonic limits above.

* All power generation equipment is limited to these values of current distortion, regardlessof adual s/ I,

Where:

lse = Maximum Shortcircuit Current at the Point of Common Coupling. The Point of Common Coupling isthe closest node in the

network where two or more users demand electric energy.

1. = Maximum Load Current (RMS) of fundamental frequency at the Point of Common Coupling. It is cadculated as the average

current of the maximum demand for the preceding 12 months.
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For the case of customers conneded at Points of Common Coupling, at voltages between 69 kV and 154 kV, the limits are 50 % of
those established in the Table.

For the case of customers conneded at Points of Common Coupling, at voltages greater than 154 KV, the values corresponding for
110 kV are applied.

If the source that produces the harmonicsis a mnverter, with anumber of pulses equal to g, greaer than six, then the limits
indicated in the Table must be increased by afactor equal to the square roat of g/6.

Fig. 3.17. Chilean temporary Resolution oncurrent harmonics.

Voltage sags and swells

Voltage fluctuations are divided, uncer Article N° 250f DS N° 327,in:

* Short duration fluctuations: from 0.5cyclesto 1 minute duration.

- Instantaneous:
Duration: from 0.5cyclesto 30cycles.
Magnitude: between 10% and 92.5% of nominal voltage, or
letween 107.5% and 180% of nominal voltage.
- Momentary:
Duration: from 30cyclesto 3semnds.
Magnitude: between 10% and 92.5% of nominal voltage, or
between 107.5% and 140% of nominal voltage.
- Temporary:
Duration: from 3 secondsto 1 minute.
Magnitude: between 10% and 92.5% of nominal voltage, or
between 107.5% and 120% of nominal voltage.

* Long durationfluctuations: greder than 1 minute:

- Voltage drop: between 80% and 92.5% of nominal voltage.
- Voltage increase: between 107.5% and 120% of nominal voltage.
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Under the Chil ean Resolution, the voltage drops below 10 % of the nominal voltage ae
considered interruptions. In accordanceto their duration, they are divided as foll ows:

*  Momentary: between 0.5cycles and 3seconds duration.

* Temporary: between 3secondsand 1minute duration.

e Permanent: greater than 1 minute duration.

Negative sequence component of voltage

Under the Chil ean Resolution, the negative sequence component of voltage must not
excea 2% of the positive sequence mmporent, for voltages equal or lessthan

23 KV. For voltages greater than 23 K/, the negative sequence cmporent of voltage
must not exceal 1.5% of the positi ve sequence mmporent.

The measurements must be dore over a measurement period d 1 week under the

condtions gedfied in the Resolution.

Voltage flicker

In Fig. 3.18,asummary of the Chilean Resolution onflicker is presented. It is

important to nae that the limits onflicker are establi shed in accordance to the voltage

level and noconsiderationis done onthe wntraded power.

Voltage level (kV) Pst M easur ement period
<110 kv <10 Consecutive intervals of 10 minutes
during a total measurement period o 1
> 110 kv <08

week. (Short duration)

<110 kv <08 Consecutive intervals of 2 hoursduring a

total measurement period o 1 week.
> 110 kv <0.6

(Large duration)

Fig. 3.18. Chilean temporary Resolution onflicker.
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Voltage harmonics

In Fig. 3.19,asummary of the Chilean Resolution on vdtage harmonics limitsis
presented. It isimportant to nae that the limits on vdtage harmonics are established in
acordanceto the voltage level and noconsiderationis dore onthe mntraded power.

Odd harmonics non multiples of 3 Odd harmonics multiplesof 3 Even harmonics
Order Voltage harmonic (%) Order Voltage har monic Order Voltage harmonic (%)
(%)
<110kV >110kV <110kvV | >110kV <110kVv >110kV
6 2 3 5 2 2 2 15
5 2 9 15 1 4 1 1
11 35 15 15 0.3 0.3 6 0.5 0.5
13 3 15 21 0.2 0.2 8 05 04
17 2 1 >21 0.2 0.2 10 0.5 0.4
19 15 1 12 0.2 0.2
23 15 0.7 >12 0.2 0.2
25 15 0.7
>25 0.2+ 1.3x25/n | 0.2 +0.5x25/n

Fig. 3.19. Chilean temporary Resolution on vdtage harmonics.

For voltages equal or lessthan 110kV, the Chilean Resolution, establishes alimit in the
THD for voltage of 8 %.

For voltages greder than 110 K/, the Chil ean Resolution, establi shes alimit in the THD
for voltage of 3 %.

Comparative study between the Chilean standard, the Argentine standard and
|EEE 519

In 3.1.20f this projed a comparative study between the agentine standard and IEEE
519 hes been presented considering the case of tariff T-3 in MV andfor the case that
lsc / 11 (ratio between short circuit current and maximum load current) was between

100and 1000.

The onclusion was that the agentine standard is more tolerable, in particular when

considering current harmonics 5, 7and 11. With reference to the THD for current, the
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argentine standard value is 12 % for the cae of consideration whilethe IEEEvalueis
7.5%.

The Chilean Resolution for current harmonicsis acopy of IEEE 519. Therefore, the
same mnclusionsasin 3.1.2are valid when comparing the Argentine standard with the
Chilean Resolution oncurrent harmonics. However, it isimportant to nae that

|EEE 519 establi shes gedfic limiti ng values for EG, which isnot dorein the Chilean

Resolution.

For the case of flicker, the Argentine standard makes distinction depending on
contraded power and vdtage level, whil e the Chil ean Resolution considers only voltage
level. However, a mmparison may be made for MV and HV looking at Fig. 3.11and
Fig. 3.17. For short duration flicker the values establi shed in the Argentine standard are
between 0.37and 0.76while in the Chilean Resolution are 0.8 and 1.0. Consequently,

the Chilean Resolutionis more tolerable in this asped.

With reference to individual voltage harmonics and THD for voltage, the Chilean
Resolution considers limits, whil e the Argentine standard dces nat.
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3.2.3 Conclusions

From the analysismade in 3.2.1it isclea that there isno penetration d EG in the SIC
system, in Chile. However, for the SING, it was foundthat many of the major mining
companies have self-generating cgpacity, which can be mnsidered EG. For this case,
the energy produced is mainly consumed internally, by the cmpanies, and nd traded in
the WEM.

On the other hand, a study that evaluates the m-generating patential in Santiago de

Chilewas found,which indicaes smeinterest in EG in Chile.

From the study of the Chilean regulatory framework, dorein 3.2.2,it resulted that there
were not special regulations for EG, in Chile. EG, in Chile, is subjed to the same
regulations as any other type of generation.

However, Chilean regulations define aclassof generators cdled self-producers, which
as discussed before may include EG. With reference to self-producers, the regulations
establi sh that they may integrate aCDEC (which is condtionto sell eledricity in Chile)
only if theinstall ed generating capacity is greaer than 9MW. Consequently, this gives
no dacefor theinstalation d EG with cgpadty lessthan 9MW.

With reference to conrection costs, the regulations do nd define who hasto pay each
comporent of the msts. On the other hand, the regulations establi sh that these sts
have to be arranged between the parties, i.e. the distribution company and the EG
developer.

Asthereis no experience on rew EG connedions, it isdifficult to seewhois going to
pay for connedion costs in the future, suppasing the development of EG schemes.

It is clear from what we have discussed in Chapter 1 and 2,that the role of the Regulator

isessentia inthisarea & the distribution businessis amonopdy.

In addition, as £enin 3.2.2,DUS charges do nd appropriately all ocate the aost of
losses. Within the present arrangements, the aosts of losses are dl ocated by averaging
them among al customers as part of the whole tariff. No spedal considerationis given
at present for individual customers such as EG, which may reduce the total amourt of
losses in the system.
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With reference to environmental externaliti es, noincentives for renewable generation
were foundin Chil e regarding to generation conreded to the interconneded network.
However, there ae programmes, which promote renewable generation for isolated

arecs.

When looking at seaurity of supgy, in Chile, thisis achieved through the payments for
pe&k capadty, asseenin 1.1.2.

As ®a, thereis no experiencein deding with ERG. Consequently, in order to provide
competiti venessto this type of generation, the aspeds discussd in Chapter 2 referring
to seaurity of supdy and sources that varies gochasticdly shoud be taken into acourt.

With reference to vdtage regulation and readive power management, the present
arrangements in Chil e give freedom to the CDECs to dedde their pdlicies. Thisisquite
dangerous for the development of EG as the CDECs are dominated by the biggest

generators, which may see EG as a mmpetitor.

With reference to power quality, asdiscussd in 3.2.2,DS N° 327 afines limitson
flicker, current harmonics, negative sequence @mponent of voltage, and vdtage sags
and swells.

As 2, the Chilean standard for current harmonicsisa wpy of IEEE 519and
consequently it is more strict than the Argentine standard. This could lead to alower
penetration d EG in Chile with resped to Argentina. However, for voltage fli cker, the
Chilean standard is more tolerable than the Argentine standard.

In sum, asfor the case of Argentina, no special consider ations have been taken into
account, with respect to EG, in the present Chilean arrangements.

For EG to grow in Chilea different pricing network policy hasto be applied which
recognisesthereal value of EG.

In addition, new methods and tools haveto be defined in network planning and

design, which takeinto consideration, for example, the stochastic nature of ERG.



CONCLUSIONS

In the last decades, the proportion d EG in the networks of many courtries has been

growing up. Moreover, it is expeded that this stuationwill continue.

Thereis an increasing interest of governments to rise the anourt of clean energy. This
takes the form of government schemes, which promote renewable generation. In many
cases, the results are enbedded renewable generation (ERG) plants.

In addition, interest in oltaining high owerall efficiencies, for example throughCHP
plants, may be observed. The results are @-generation dants embedded in distribution
networks.

The results of the Working Group 37.23 6CIGRE onthe reasons for an increasing
share of EG in dfferent courtries have been presented in Chapter 1 of this projed.

13¢€



On the other hand, the growth of EG has led to concerns abou the impads on the
network of high levels of EG penetration. These mncernsinclude aspeds related to
stabili ty, vatage control, pover quality, protedion and seaurity of the overall system.
In addition, dstribution companies are concerned with regard to the nature of their
networks, which were designed for customers which consume dectricity rather for
customers which generate electricity. We have addressed these isauesin Chapter 2.

When looking at the diff erence between wholesale dedricity market prices and retail
prices of eledricity (Ap) in U.K., Argentina and Chile, valuesin arange from 3.9
p/kWh and 4.5 pkW may be obtained.

As aresult, the network charges directly measure the relative grade of competiti veness
between central and EG. Transmissonand dstribution retworks, together with the
suppy businessare resporsible for the difference of prices. Eledricity produced by
central generation requires transmisson and dstribution retworks to read its

consumers, while EG, often located closer to loads, requires lesstransporting faciliti es.

Consequently, eledricity produced by EG may have ahigher value than that produced
by central generation.

However, it depends onthetariff structures how much of that Ap is EG all owed to
colled. Asreveded in [32], theissue of competiti venessof EG is anetwork pricing
problem. Asaresult, it is of mgjor concern to study and urderstand the red value (costs
and kenefits) of EG andto analyse how good des the tariffs gructures of the ESI

consider that value.

For the cases of Argentina and Chile, these aspects were studied in Chapter 3.
This project revealsthat the present arrangementsin Argentina and Chile do not
properly addressthetechnical and commercial issues of EG. In fact, EG isnot
considered under present regulationsbeing treated in the same manner as central
generation, which produces EG to lose competitiveness.



In[17], it issaid that the electricity demand in Argentinaisgrowing at arate of 5
% per year, whilein Chileat 7 % per year. Thisimpliesthat more generation will
be needed in these countries shortly and consequently, it seems a good opportunity
for EG to develop. However, from what we have discussed in thiswork, it isclear
that therole of the Regulator is essential to give EG fair competitiveness. Without
fair regulations and an adequate network pricing policy it will be very difficult for

EG togrow.
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