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1. Introduction

The openness of the trangmisson grid and the incentives given by transmisson pricing form the
foundetion for retal and wholesde compstition in the dectricity maket. The deregulaied markets
of Noway, Span, and Cdifornia dl have introduced retal amcess and wholesde competition,
dthough with different gpproaches to pricing of transmisson grid sarvices This pagper will briefly
describe the three different solutions, and discuss some of their implications.

Of the three dectricity systems, Norway was the firs to open the grid to competition in eectricity
trade. The Norwegian Energy Law of 1990 introduced open competition to wholesde and retall
trade dsarting January 1991. In Spain, the Electricity Law of 1997 came into force early in 1998.
Wholede and retal makets in Cdifornia were opened for competition on April 1, 1998,
folowing the pesssge of Assmbly Bill 1890, in August 199. Introducing competition in
dectricity makets dso implies introducing Third Paty Access to the transmisson gid. All
potentid competitors have to be given access to the grid in order to compete, no matter who owns
the actud wires. This principle rases severd chdlenges notably, how to price trangmisson

sarvices Who isto pay for which transmisson services?

Table 1 sums up the definition of transmission and digtribution in the three systems.



Table 1. Grid induded in different grid levels
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GRID LEVEL NORWAY SPAIN CALIFORNIA
420 kV, 300 kV, and parts 400kV, 220 kV, and parts I\gﬂzzslseilloiztg:-lgtate
T ission Grid of the 132 kV grid of lower voltage levels i d ;
ransmission &ri providing trans mission providing transmission connections and any parts
function function of low voltage with a
transmission function
Regional Grid 60-132 kv m((ggkg{(i/\iﬁfgek:\)/ Distribution grid includes
Distribution Grid 022KV LV (0.38 and 0.22 kV) allintra-state connections

The Norwegian grid is divided into three levels depending on its function. The transmisson grid
includes dl pats of the nationd grid having a transmisson function, meaning tha some lower
voltage levds ds0 ae induded. In Span, the definition of the trangmisson grid is smilar,
incduding the 400 kV and 220 kV nationd grid as wel as lower voltage ingdlaions that could
affect trangmisson operation or generation dispaich. For hidoric reasons, wholesde dectricity
transactions in the US ae regulated by the federd government through the FERC. However,
operations of utility sysems within one date fal primarily under date jurisdiction. Because the
utility sysems in Cdifornia generdly are large and exchanges between them limited, the role of
FERC was smdl prior to restructuring, dthough the sate is alarge importer of power.

2. Ingtitutional Settings

When deregulation was implemented in Norway, the transmisson functions of the date-owned
utility Statkraft was etablished as a separate company. The new company, Statnett SF, has since
is regpongble for internationd  connections.
Sanett owns gpproximetedly 76 percent of the transmisson grid that it operates, with regiond grid
owners owning the remainder. Through the “Centrd Grid Agreement,” Stainett rents parts of the
tranamisson grid owned by the regiond grid owners. Furthermore, Stanett is the Norwegian

operaed the Norwegian transmisson grid and

Sysem Opedor, beng responsble for system digpach, ancillary service procurement, etc. The
Norwegian Weater Resources and Energy Directorate (NVE) regulates Statnett, both its function as
the Trangmisson Grid Company and as System Operator.

Since 1984, an independent company, Red Eléctrica de Espafia (REE), has operaed the Spanish
trangmisson sysem. REE owns 95 percent of the 400 kV grid and 30 percent of the 220 kV grid.
As the principd Spanish transmisson owner and System Operator, REE controls transmisson
operdtions, technicad digpatch to avoid congestion or other operationd problems, internationd
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exchanges, as wdl as manages ancillary services. REE is 60% date-owned, but the Government
plans to divest 30% of its shareholdingsin the near future.

When Cdifornias dectricity supply was deregulaied, an  Independent System  Operator
(Cdifornia 1SO) was edablished from scraich. The Cdifornia 1SO is respondble for system
digoatch, ancillary services ec, and is a regisered nonprofit corporation. The Cdifornia 1SO
does not own any transmisson fadlities However, the Cdifornia 1SO controls the trangmisson
grid of the Tranamisson Ownes Beng concened only with wholesdle transactions, Cdifornia
ISO would not have been subject to date of Cdifornia regulation but would have falen directly
under federa oversght by FERC. To avoid this loss of jurisdiction, AB 1890 edablished the
Electricity Oversight Board specificaly to regulate the new industry inditutions.

3. Expectationsto the Transmission Tariffs

The transmisson tariffs are generaly required to fulfil severd purposes. Firg of dl, transmisson
tariffs are required to promote efficiency, meaning that users of the transmisson grid should be
given 9gndsto behave in asocigdly efficient manner. Thisis normdly done through some kind
of margind pricing. The Margind Loss Factors of Norway, Loss Pendty Factors of Spain, and the
Generdtion Meter Multipliers of Cdlifornia, are dl dements reflecting the margind codts of
operding the transmission grid. However, due to the capita-intensve character of grid, margina
pricing of tranamission services does not provide sufficient cost recovery for the grid owners. For
ingtance, the Norwegian Margind Loss Factors only cover gpproximately 15% of the cogts of
operating the transmisson grid. The remaining 85% are related to fixed costs. Therefore, in
addition to providing incentives to use the transmisson system efficiently, the transmisson tariffs
arerequired to providecost recovery for the grid owners. Digtributing the costs not covered
through margind pricing isacost allocation problem that requires some kind of dlocationd
gods This could, for ingtance, be to promote specific locations of load and generation aswell as
specific time-of-use behavior.

4, Principles, Structuresand Elementsof the National Transmission Tariffs
Table 2 gives a brief overview of the transmission tariff ementsin the three dectrical systems
being compared, and what cods the different dements reflect.



Table2: Elements of the transmisson tariffs of Norway, Spain and Cdifornia
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Costs

Norway

Spain

California

Transmission Losses

Marginal Loss Factors
(generation and load)

Loss Penalty Factors
(generation and load in
the energy market)

Generation Meter
Multipliers and Tie-ine
Meter Multipliers

Zonal Pricing through

Congestion Zonal Pricing through Network constraint Usage Charge and Grid
Management Capacity Charge management procedure Operations Charge
Access Charge (energy
. Demand Charge,
Fixed Costs Connection Charge and demand Access Charge
components)
Construction . . .
Investments Contribution/General Centralized planning by Cons;ruc_non
. the System Operator Contribution
Tariff elements
Norway
Norway implemented Point of Connection Taiffs in 1991 during dereguldion. The badc

principle of the Point of Connection Taiff is that each grid user (end-users, generators, or other

grid owners) pays a transmisson taiff depending on the point of connection. The transmisson
tariff a each point of connection is caculaed rddive to a defined, fictitious “market place’ in the
centrd grid. The sdler pays for the dectricity being trangported into the market place, while the
customer pays for trangportation out of the market place. The dructure of the Norwegian Point of
Connection Tariffsisillustratedby Fgure 1.

Regional
Grid

1T Load

® Generation

Point of
Connection

Distribution
Grid

Operator

System

Figure 1. The Point of Connection Tariffs.

Regional
Grid
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The guiddines for cdculating transmisson tariffs reguire the tariffs for withdrava and injection

to be gtructured as follows:

1. Volume dependent tariff ements vary according to grid user’ s withdrawd or injection.

2. Other Taiff dements do not vary according to the grid user's metered withdrawa or injection,
and should recover the codts not covered through the volume dependent tariff eements. The
chargeisintended to be neutra with respect to consumption.

Transmission Losses and Congestion Costs through Volume Dependent Tariff Elements

Grid owners are responsble for grid losses in Norway. These losses are bought in the market, and
therefore reflect the current spot price. Marginad costs of dectricity transmisson must be reflected
in the volume dependent pat of the taiff. This normdly implies tha grid losses reflecting

varying physica losses, aswell as spot prices, are covered through a volume dependent charge.

In the trangmisson taiff, the volume dependent charge, i.e, the Energy Charge, must be
geographicdly and periodicdly differentiated. Statnett caculaes the Marginal Loss Percentages
through representetive load flow smulations for the Norwegian/Swedish sysem. Each tie point
(with a totd of 141 points) in the Norwegian transmisson grid has an individud Margind Loss
Percentage atached to it, and the absolute value for injection versus withdrawd is the same &
each tie point (however, with different denominations). The denominaions will vary for load vs
generation depending on the badance between the two a the specific tie point. The charges are
cdculated for periods of 8 — 10 weeks a fortnight in advance a the lates. The chage is
differentiated seasondly, as well asfor day and night.

Whenever there is congestion between two zones, the volume dependent charge will additiondly
indude the Capacity Charge, which reflects the zond price differences. The generators in
aurplus zones (generation>demand) face a podtive Capacity Charge. The charge is the difference
between the zond price (as cdculated by Nord Pool) and the sysem price (unrestricted Elspot
price). The generaors in defict zones (generation<demand) will, on the other hand, face a
Capacity Charge with negaive denomination made up from the difference between the zond price
and the sysem price This way of relieving congestion is dmilar to the Inte-Zond congestion
management described for Cdifornia
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Fixed Costs through Other Charges

The trangmission tariff condsts of two other chages, i.e, the Connection Charge and the
Demand Charge. The other charges are differentiated with regard to injection and withdrawd,
and the hour with maximum load in the areas “North,” “Middle” and “South,” respectivdy, is
used for settlement.

The Connection Charge is a gross dement meaning that the totd avalable demand in winter at
each tie point is used as the bads for cdculation. End users face a Connection Charge based on
totd withdraval from the grid, while the suppliers face a Connection Charge based on totd
injection to the grid.

The Demand Charge (as opposed to the Connection Charge) is a net dement of the transmisson
tariff, meaning that the grid user's net exchange with the tranamission grid is usad as the beds for
stlement. The end user is charged for net withdrawd from, while the supplier is charged for net
injectionsto, the grid.

The difference between the Connection Charge and the Demand Charge is the volume used for
setlement. While the Connection Charge is based on totd withdrawa and/or injection from/to the
grid, the Demand Charge is based on ether net withdrawa or net injection.

Future Investments

Sanett is regponsble for grid expandon, new invesment, and mantenance of the transmisson
grid. Future investment in the grid can be financed in two ways [1] through the generd tariff
dements decribed dove or [2] through a Congruction Contribution. The Congtruction
Contribution is a payment charged to grid usars benefiting from the grid investment in quedion,
and is a payment made only once In other words in addition to paying the Condruction
Contribution, contributors pay the generd taiff as do dl other grid usars The Condruction
Contribution may be postive or negative, depending on what Statnett wants to promote and how
the possible investment influences on the power flow and codts.

Norwegian “ Peculiarities’

As of Januay 1, 1997, Compensation for Energy not Supplied (ENS) was introduced for grid
users comnected to the centrd transmisson grid. The introduction of this compensation was a
response to the introduction of a new regulaory regime based on revenue caps. Through this
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eement, grid users get compensated when mgor outages in the trangmisson grid occur. The idea
is that tie points of a soddly effident grid will have different rdigbility, and that the system under
catan gtuaions can be run with lower operationd security than esimated by n-1 criteria ENS is
therefore expected to contribute to invesment decisons beng more efficient than previoudy, and

hence reduce overal transmisson rates.

Spain

The trangmisson grid charges are embodied in the regulaied Full-Service Tariffs (i.e, taiffs for
regulated customers) and in the Access Tariffs (for qudified cusomers who have exerted ther
rights). The term “grid charges’ may cause confusion, as there are no transmisson tolls separate
from digribution tolls in Spain. Qudified customers must pay Access Taiffs for the use of
transmisson and didribution lines The “recognized transmisson revenues’ are collected through
Full-service and Access Taiffs from distributors by the regulator CNSE, who then dlocates the
money among Red Eléctrica and other transmisson owners, according to predefined revenue
entitlements.

These regulated Full-Service Tariffs and Access Taiffs are to cover transmisson and digtribution
cods as wdl as other inditutiond and specific regulated costs. Voltage leves in 6 categories
differentiate the tariffs [1] Lower voltage, [2] 1 to 14 KV, [3] 14 to 36 kV, [4] 36 to 725 KV, [9]
725 to 145 kV, [6] more than 145 kV. The taiffs furthermore have two separate components. (1)
a cgpacity term as a function of the requested demand (kW) and (2) an energy term & afunction
of the requested energy (KWh). In medium voltage and higher voltage grid, Access Taiffs are
time-differentiated with regard to daily and seasond variations.

Transmission Losses though Loss Penalty Factors

Every maket agent connected to the Spanish trangmisson grid (supplier or end-user) has an
asociated trangmisson loss paticipation factor (Loss Pendty Fector) depending on its margina
contribution to the losses cdculated in the specific point of connection. Trangmisson losses ae
taken into acocount directly in the dally energy market and they are not conddered as an explicit
orid chage. Genegation and demand ae maiched in the centrd maket modd with a single pool
price, where transmisson losses are taken into account (see OM 1998). Generators in exporting
areas will be remunerated for less energy than generated, while consumers in importing aress will
pay for more energy than consumed. Initidly, in the regulatory trandtion period, dl locaiond
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dgnds from exiging generators and regulated loads will be ignored, and transmisson loss cods
are charged to the end-users.

Congestion Costs through Uplift
A grid condraint management procedure is applied by the Sysem Operator during the sequence
of the day-ahead energy market operations as wel as in red time. The Sysem Operator, taking
into account the quantities (generation and load) that have been scheduled for every hour in the
day-ahead energy market operations, peforms a grid andyss to evaduae possble congedion or
voltage problems. If there is any congedtion, the Sysem Operator will modify the results of the
daily market operations, and minimize the cogt of the deviations
Forcedhin gengaion (from constrained-on units) will be pad the offer price that they
submitted in the day ahead market for the eectricity generaied in those scheduling periods in
which those units are called to solve transmisson congraints.
Digplaced units will not receve any compensation payment for ther condrained off
generation.
Ad hoc procedures may be defined for permanent congraints.

If congraints gppear in red time, the System Operator can resort to emergency procedures. The
extracog incurred in removing al grid condraints will be added to the cods rdaed to andillary
senices. These cods will be recovered through an uplift to the energy price and charged to the
tota demand in each hour.

Future Investments

All grid usas can promote condruction and planing of new trangmisson fadlities but the
Sysdem Opeaor must coordinate different proposds. All new proposed fadiliies must be
congdered in the process of evduaing devdopment plans for the grid. Congruction, operation,
and maintenance of the new fadlities will be established by competitive bidding mechanisms. The
authorized new invesment is conddered to result in new dlowed revenues for the transmisson

owner.
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Fpanish “ Peculiarities’
Transmisson owners currently have an economic incentive to increese the avalability of
transmission fadlities above a levd sat as a reference. However, if actud availability is lower than

the reference leve, the tranamisson owners are economicaly pendized.

California
The Cdifornial SO charges for transmission services on behdf of the Transmission Owners.

Transmission Losses through Generation Meter Multipliers and Tie-line Meter Multipliers

For each tie-point in the tranamisson grid the Cdifornia ISO cdculaes Gengration Meer
Multipliers (GMMs) and Tie-line Meter Multipliers (TMMs). When generators submit schedules
a the injection nodes, the grid losses have to be induded in the schedule through multiplying the
committed quantity with a factor induding the grid losses — the GMMs. Likewise, market
paticpants submitting schedules a the specific tie-lines have to multiply the committed quantity
with the TMMs. Scheduling Coordinatiors are charged for the TMMs The Cdifornia 1SO
cdculaes these GMMs and TMMs through load flow andyss The GMMs and TMMs vay
between locations and over time, and the Cdifornia | SO ca culatesthese factors daily.

Congestion Costs through Usage Charges and Grid Operation Charges

Scheduling Coordinators are charged by the Cdifornia ISO for the use of congested inter-zond
interfaces. In Cdifornia 26 mgor trangmisson corridors or paths have been defined, which link
the different dectricd zones If the load flow on a path resulting from the proposed schedules
exceeds the maximum dlowed flow limit, then the peth is congested. The main use of the zones is
to deemine the trangrisson Usage Charge acoss zones and to edtablish locationd
differentiation of the Power Exchange market-clearing price when inter-zond congestion exidts

The Usge Chage is cdculaed by the Cdifornia 1SO as the hourly margind vadue of an
incrementa KW of inter-zond cgpacity. This Usage Charge multiplied by the scheduled flow must
be pad by each Scheduling Coordinator who uses the interface in the congested direction, and it
will be used to compensate Scheduling Coordinators who, in effect, crege transmisson capacity
through schedules in the oppodte direction of congesion. The Day-Ahead Usage Charges are
applied to schedules accepted in the Day-Ahead market. The Hour-Ahead Usage Charges are
aoplied to schedules submitted and accepted after the Day-Ahead scheduling and the Day-Ahead
congestion management procedures have concluded.
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In case of congedtion, voltage degradation, or other operationd problems indde an dectricd zone,
the Cdifonia 1SO will re-dispach generation units to meet rdiability reguirements insde that
zone. The Cdifornia 1SO will minimize the cogt of this redispach based on the “adjustment bids’
that Scheduling Coordinaiors have provided. This extracost will be recovered through the Grid
Operations Charge which mugt be pad to the Cdifornia 1SO by dl Scheduling Coordinetors in
proportion to their demand within and exports from the conddered zone.

Fixed Costs through Access Charges

Access Charges ae deermined for eech participating transmisson owner to recover the full
revenue requirement (i.e, the full grid cogts primarily sunk investment costs) associated with its
trangmisson fadlities trandfered to the Cdifornia 1SO's operationd control. The transmisson
owvnas ae primaily the three Invesor Owned Utilities though some publidy-owned utilities
might dso decide to join. All maket paticipants withdrawing energy from the Cdifornia 1SO
controlled grid must pay an Access Charge. The revenue requirements are adjusted taking into
account the revenues coming from “Wheding Access Charges’ and “Usage Charges’ known as

“Trangmisson Revenue Credits”

Access chages ae cdculaed and/or paid depending on the following Stuations (1ISO Tariff,

1998):

1 Locd publidy owned dectric utilities whose transmisson facilities are under Cdifornia 1SO
operationd control, must file ther proposed access charges with the Cdifornia 1SO. The
Cdifornia 1SO requests that the appropricte Locad Regulatory Authority review the Access
Charge.

2. Any df-auffident participating transmisson owner shdl bear no responghility for the Access
Charge of any other participating transmission owners.

3. Any dependent paticipaing trangmisson owner must pay an access chage to the
participating transmission owner to which it is physicaly connected.

4. Any Scheduling Coordinator scheduling a wheding transaction mugt pay the Cdifornia 1SO
the product of [1] the applicable Wheding Access Charge, and [2] the schedules of wheding
in kWh a each scheduling point associaed with thet transaction. The scheduling points where
the charge is gpplicable are the points in the Cdifornia 1SO grid where energy is scheduled to
exit the grid. The Wheding Access Charge is determined for each participating transmisson
owng taking into account its trangmisson revenue requirement and its annua energy

ddiveries.



LBNL-46629

5 Any enduser must pay an Access Charge for unbundled retal transmisson service. These
charges ae designed as a dngle rolled-in rate that is uniform for Smilar customers in eech
uility’ s service areg, etimated to be gpproximatdy $16/kWyr for SCE, $17/kWyr for PG&E,
and $36/kWyr for SDG&E.

A mgor dtraction of this form of cog dlocation is the minimization of cogt shifting both across
utilities and between customers of each exiding utility. Those utilities that ae found to be
“dependent” upon the tranamisson assats of another utility are respondble for paying some of the
revenuerequirement of tha utility’s transmisson assets This hdps overcome the free-rider
concern (i.e., he concern that charges place an unfair burden on those utilities and customers that
do not heavily rely on the tranamisson system).

Future Investments

In Cdifornia, transmisson owners incdluded in the Cdifornia 1ISO control area, the Cdifornia 1S0O,
or any other market participant can propose trangmisson projects. Participating transmisson
owngs ae required to devdop annud plans for ther transmisson grid, and potentid projects
must be ocoordingted with the Westen Sysem Coordinating Council and the Regiond
Trangmisson Groups (RTGs).

Currently, the assessment of project need and cost responghility is determined in two different
ways depending on whether the project is expected to @ promote economic efficiency, or b)
improve sysem rdigbility. For projects promoting economic efficiency the sponsor has to
demondrate that the economic benefits exceed the project costs. The sponsor furthermore has to
propose a pricing methodology that assgns the costs to the beneficiaries in proportion to their net
benefits. For rdidbility driven projects, the Cdifornia ISO can propose any upgrades to ensure
sysem rdidbility, and the participaing transmisson owners shdl be obligaed to condruct them.
Lower cogt dterndtives to condruction of transmisson additions such as expanson of exiding
facilities, demand Sde management, or reactive support, must be consdered. Note, however, that
recovery of invesment expenditures fals under the jurisdiction of FERC.

California “ Peculiarities’

Markets for Firm Transmisson Rights (FTR) are scheduled implemented over the course of 1999.
Thee rights are expected to negotiate the ownership of the congested paths and to provide
market mechaniams to improve economic efficdency in the use of the trangmisson gid. The net
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Usage Charge revenues for each inter-zond interface shdl be pad to FTR holders according the
number of FTRs they own reaed to the inteface in quetion. To the extent this amount is not
pad to the FTR holdes, the net Usage Charge revenues are to be pad to the paticipaing
transmisson owner who owns the interface.

5. Discussion and Conclusions. Incentives Given on Short and Long Term
Table 3 sums up incetives given by the trangmisson tariffs described above The incentives
conddered are sgnds given with regard to [1] location of load or generdtion, and [2] timing of

withdrawd or injection to the transmisson grid.

Table 3: Incentives given by the different ements of the transmisson tariffs,

Norway Spain Californa

Charges for:

Load Generation Load Generation Load Generation
Transmission Both Both
Losses Both Both Both Both (TMMs) (GMMS/TMMs)
Congestion Both Both No Both Both Both
Management
Fixed Costs Neutral Neutral Timing No Charge Timing Timing
Future Location Location No No Location Location
Investments

All three dectricd sysems have implemented dements of margind pricing in the transmisson
tariffs. Tranamisson losses as wel as congestion codts reflect the margind cogts of the systems.
These dements of the trangmisson taiffs therefore provide short-term signds to the grid users
with regard to time of use and location of generation and load.

Fixed costs are covered by an energy component in Cdifornia, while Norway and Spain have
implemented both an energy component and a demand component to recover fixed costs. None of
the sysems described provide drong incentives in the “fixed cost dement” of the trangmisson

tariffs.

To some extent the Cdifornia Access Charge is time differentiated, and each area of the three
large Investor Owned Utilities has somewhat different Access Charges However, the dgnds
provided by this charge are limited. In Norway, the tariff dements to cover for fixed cods ae
supposed to be neutrd. However, experience show that the market participants — both load and
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generation - try to forecast the pesk load in order to avoid the high demand charge seitled based
on the annua pesk. Consequently, this charge has some incentives for time of use in it. In Span
fixed costs are recovered through both an energy dement and a demand dement. Only load faces
these dements, however. This charge provides sgnds for time of use for loads.

Onetime payments and different country specific dements provide possble long-tem dgnds in
the dexribed systems Norway has opened for condruction contributions to recover future
investments, and Stanett negotiates with the affected users prior to making such investments. The
former regulatory regime — rate of return regulation - promoted excess grid investments. The new
regulatory regime, however, promotes costs savings through revenue caps, efficiency factors and
eanings shaing mechaniams. To avoid the grid qudity to deeriorae bdow wha is societd
beneficid, a compensation for energy not ddivered is implemented. These dements together
provide the longterm ggnds of the trangmisson taiff in Norway. In Span authorized new
investments are incorporated in the generd tariffs. If the transmisson grid is less avalable than a
determined reference leve, the grid owner is pendized. This pendty provides for long term
sgnds for new invesments in Spain. In Cdifornia, each grid owner suggests future investments,
and is regpongble of proposng ways of financing them. FHrm Trangmisson Rights have been
introduced a means to promote long-term gSgnds for invesments in  condraint-reducing
investments.
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