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1. Introduction
Within Cdifornia, more than 1300 generaiors produce eectricity using

a um of

goproximady 54 GW of cgpadty, and totd 1997 dectricity consumption was 254
TWh (induding sHf-generation). Cdifornids mgor interties and its congestion zones
ae shown in Fgure 1. Cdifornia is a mgor dectricity importer and has numerous
transmisson interconnections with adjacent dates as Of the 20% of dectricity use that
the date imported in 1997, 48% came from the Northwest and 52% from Southwest

interconnections (CEC 1998).

Bold black lines identify Zone boundaries

Green lines identify transmission paths between zones [(may include one or more lines)
Red letters denote Zone names

Elack letters denote ~abbreviated™ scheduling point names
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In lae 199, the Cdifornia date legidaiure gpproved legidation that, beginning 31
March 1998, fundamentdly reorganized the da€s dectricity indusry and introduced
retal competition for the dectricity consumers of the three mgor prior utilities These
three large private, investor-owned utilities (IOUs), Pecific Gas and Electric Company
(PG&E), Southern Cdifornia Edison (SCE), and San Diego Gas and Electric
Company (SDG&E) were, hidoricdly, respongble for metching their own load and
resources to mantan frequency and to maich scheduled and actud flows a
interconnection points. Therefore, each utility acted as a control area managing the
coordinated operdtion of its own entire generaion, trangmission, and digribution
systems as wdl as some of the assets of publidly owned utilities. The 10Us were
regpondble for dl economic and technicd functions, such as security andyss,
economic digpatch, unit commitment, eic. The sysem was adso chaacterized by
gonificant assets owned and operated by publidy owned utlities, notebly the
dgnificant tranamisson cgpacity of Los Angdes Depatment of Water and Power and
the Sacramento Municipd Utility Didrict, sgnificant nonrutility generating capecity,
and numerous digtribution networks.

In August 1996, the passage of Assmbly Bill 1890 (AB-1890) provided the legd
bass for competition among dectric sarvice providers in Cdifornia In brief, AB-
1890:

cdls for the egablishment of the Power Exchange (PX) and the Independent System
Operator (CAISO) as independent, public benefit, non-profit market ingtitutions to be
overseen by a fivemember Electricity Oversght Board, as well as by Federa regulation
through the Federd Energy Regulatory Commission (FERC);

requires Cdlifornias utilities (both IOUs and publicly owned) to commit control of ther
transmission facilities to CAISO, that is, owners of transmisson assts maintain
ownership of them, but CAISO now operates them as part of the overall the state system;
dlowsfor direct, bilateral eectricity trading;

cdls fa a trandtion to retaill competition beginning 1 January 1998 and will be completed
no later than 31 March 2002;

cdls for additiond requirements concerning stranded cost recovery, rate reduction,
divestiture of generation assets, etc.

The roles and rdationship between the market paticipants on both the wholesde and
retail Sdes of the new Cdifornia dectricity market areillugtrated in Figure 2

The primary purpose of the Cdifornia PX is to provide an effident, short-term,
competitive wholesde spot energy market. The PX is one of a potentidly unlimited
number of Scheduling Coordinators (SC) authorized to communicate baanced
schedules and other informaion to CAISO, which conducts the red-time dispaich.
PG&E, SCE, and SDG&E, are functiondly separated into generation, transmission,
and didribution activities. Didribution remans a regulated busness and the three
utility digtribution companies (UDC's or discos) together didribute about 80% of the
dectricdty sold in Cdiforniaz must buy and sdl dectricity through the PX during a
trangtiona period of dranded cost recovery. The PX deaemines the price of
dectricity on an hourly bads for the Day-Ahead and Hour-Ahead markets, according
to the demend and supply bids submitted. AB-1890 and the subsequent
implementation of redructuring provided incentives for the 10U's to divest ther in-
date themd (virtudly al quite old naturd ges fired plant) generating asssts and
cregte a fully competitive market. These provisons have worked wel and dmogt dl
therma generaing capacity in the state has now passed into the hands of about seven



mgor ownes. The IOU's dill operate the nudear and cod dHaions, however, and
PG&E remains by far the largest owner of hydro gereraion in the state. Divedtiture of
this hydro capacity has proven to be a contentious process and remains undecided.

CAISO is charged with ensuring open access and mantaining the rdiability of the
trangmisson grid. CAISO (1) coordinates day-ahead ard hour-ahead schedules from
dl SCs, (2) buys and provides AS as required, (3) controls the dispatch of generation
accepted to procure AS, and (4) peforms reaHtime bdandng of load and generdion
in the Imbalance Energy Market (More and Anderson 1997).
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CAISO directly acquires AS and imbaance energy needed to rectify submitted
schedule inaccuracies using quite different procedures. The AS procured daly
through competitive mechanisms are:

Regulation service the use of generation equipped with governors and automatic-generation
control to maintain minuteto-minute generation/load baance within the control area to meet
NERC'" control-performance standards

Spinning reserve the provison of generating capecity, usudly with governors and automatic-
generation control, that is synchronized to the grid and is unloaded that can respond immediately
to correct for generation/load imbalances caused by generation and transrisson outages and that
isfully available within 10 minutes

Non-spinning reserve  dmilar to spinning reserve, except that the generating capacity is not
required to be synchronized to the grid

Replacement reserve the use of generation to compensate for the transmisson-system losses from
generatorsto loads

Each Scheduling Coordinator is asigned a share of the totd AS requirement. This
obligation is determined pro rata, based on the contribution of its metered demand to
the totd requirement of each paticular AS. The obligaion was origindly based on
scheduled demand (see Section 5.1 for detals). For ingance, eech SC must provide
the percentage of its metered demand that will be used for regulation service, where
CAISO determines the percentage. Each SC may choose to sdf-provide dl, or a
portion of its obligation in each zone. To the extent tha a SC sdf-provides, CAISO
correspondingly  reduces the quantity of AS it procures. Suppliers bid prices and
quantities for each type of sarvice are made n Day-Ahead and Hour-Ahead markets.
Two other vitd AS, reactive power supplied locdly for voltage support and black-
dart generation cgpability, are acquired by specific contracts.

Providons were dso made in the AB-1890 to maintan public purpose programs,
through the impostion of a per kWh tax on dectricity ddivered by the discos The

revenues from this tax ae subdivided into severd programs to support energy
efficiency investments, and renewable generation.

2. Operation of Ancillary Services Markets

Under ided compstitive conditions (i.e, no maket participant has market power) and
assuming sufficient supply resources, the following conditions should hold:

Prices in dl AS markets should equilibrate so that suppliers would expect to earn amost the same
vaidble profits (market revenues less variable costs) regardless of the market they choose to bid

their generating capacity

Prices in regulation and spinning reserve markets should be related to day-aheed and red-time
energy prices

Prices in the non-spin and replacement reserve markets should be lower than the prices of
regulation and spin reserve markets because the former services do not require the generator to be
running during the hour for which capacity is made available

In practice, however, prices in the AS makets have not conformed to the theory,
especidly during the 1998 cdendar yer. The ealy months of operaion saw little
corrdaion between AS and energy prices, and the price of spinning reserve often

1 North American Electric Reliability Council



exceeded that of regulaion and even energy. For example, the price of regulation
reserve  (the AS with the greatest volume and monetary vaue of trading) was below
energy prices but did not corrdae with them (with corrdation coefficients of 0.12 for
PX day-ahead prices and 0.001 for reattime prices). Thus, it agppears that the
trgectory of these prices did not reflect actud or opportunity generation cods. In
addition, important price fluctuations from one week to another were obsarved
without any clear explanation. The exisence of a long peiod with dmos zero and
negive prices can explained by REPA payments® (see CAISO 1998hb). After the
suspension of REPA, regulation capecity prices have adopted a pettern more closdy
correlated to energy prices. Indeed, from , it can be seen from Fgure 3 that the price
of regulation has dabilized dnce market reforms such as the granting of market-based
rates for dl participants were introduced in November 1998°  Furthermore, the caps
indituted by the CAISO for AS maket prices on 24 July 1998 (initidly st &
$500/MW, then lowered to $250/MWh) have been raised to $750/MWh during the
summer of 1999. This indicates grester confidence in the competitive viability of the
AS markets.

Regulation Price

$/MWh
N
()
S

— regulation price — reg up price reg down price

Figure 3 Regulation Reserve Prices (Source: CAISO)

The dabilization of AS prices can best be seen from the digtribution of prices Here, a
prdiminary andyds atempts to determine the approximate didribution of the AS
prices and the AS expenditures a various price levels. For convenience, the prices
were divided into ranges, and for each AS, a cogt didribution and price frequency
chat was condructed to show the price ranges in which AS expenditures were
greatest. Examples of this can be seen for the regulation reserve ancillary sarvice for
August 1998 and March 1999 (see Figure 4 and Figure 5). From Fgure 4, it can be

2 Regulation Energy Payment Adjustment (REPA) was an amount paid to generators to encourage

bidding in the regulation reserve market. It was the greater of the PX energy price and $20/MWh.

®In September 1999, the CAISO began to operate separate markets for the procurement of upward and
downward regulation: the former is used to increase generation to respond to rea-time contingencies,
whereas the |atter is for decreasing generation in such Stuations.



observed that dmost 90% of the cost of procuring regulaion reserves occurs over
only a 5% range of the prices. After some market reforms, however, one can see from
Figure 5 that the didribution of expenditures is more equitable with nearly Al
expenditures occurring over the most frequent price range.

By contragt, few such problems perssed in the energy marketls a high corrdation,
i.e, approximady 0.95, between average prices in the PX day-ahead energy market
and in CAISO regHime energy market (hourly ex-post prices) exids and is dso
evident from Fgure 6and Fgure 7.



Regulation Cost Distribution and Price Frequency - Aug 1998
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Figure4 Regulation Cost Distribution and Price Frequency - August 1998




Regulation Cost Distribution and Price Frequency - Mar 1999
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Figure5 Regulation Cogt Digtribution and Price Frequency - March 1999
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Figure6 PX Day-Ahead Price (Source: California Power Exchange)




Imbalance Energy Price
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Figure 7 Imbalance Energy Price (Source: CAISO)

3. Operation of Ancillary Services Markets

The AB-1890 lggiddaion that edablished the Cdifornia makets dso contained
provisons for the support of public purpose programs during the trangtiond period.
Note that no provisons are in place to continue the tax or A tax of gpproximatdy 0.3
04 dkWh was imposed, and the revenues divided among severd accounts as shown
in Figure 8. The governance of the programs varies condderably, but the Renewables
Technologies Fund of 540 M$ over the four year trandtion is adminigered by the
Cdifornia Energy Commisson. Cdifornia was the leading U.S. date in renewable
gengraion from severd sources, mogt notebly geothermd, wind, and solar, before
resructuring. Figure 9 shows totd generaion of the mgor digible renewables in
1998, that is ones digible to recave subgdies Note that, in tota, these sources have
provided 10-11% of totd in-dae generation in recent years, and that only in-state
gengrators can receive subddies Because of their Sgnificant contribution and the
dominance of Cdifornia in some technologies, thee was a livey debate over the
correct form of renewable subsdies in the restructured market.
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Public Benefits Charge
~$1.9 Billion total (1998-2001)
~0.3 ¢/kWh
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Figure 8 California Public-Purpose Programs
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Figure 9 Eligible Renewable Generation

The fund is subdivided into four categories, for exising generators, new generetors,
emearging technologies and cusomer ddeleducation. The dhare going to exising
generators is by far the largest, 45%. This fund is distributed to generators who were
in production prior to 1998 in the form of a direct energy (i.e. per kWh) subsidy that
vaies by technology and is rdated to the maket (PX) energy price, but for most
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technologies the subsdy is cgpped a 1 ¢kWh, and it has varied condderably with the
PX price. The fund is subdivided into 4 caegories for exiging generators, new
gengraors, emerging technologies, and customer Sdeleducation. The share going to
exiging generators is by far the largest, 45%. This fund is distributed to generaors
who were in production prior to 1998 in the form of a direct energy (i.e per kWh)
subsdy that varies by technology and is related to the market (PX) energy price. For
mog technologies the subsdy is cagpped a 1 ¢kWh, but biomass can receive up to 1.5
dkWh. Because it depends on the PX price and generation, the subsdy hes varied
condderably. For example, the geothermd subdsdy fel to zero for the two months of
November and December, 1998, while the biomass subsidy has been & 15 ¢kWh
dmog continuoudy. The didribution of funds from the new account is innoveive.
The money is divided among the winnes of an auction in which bidding renewable
generators bid the levd of subsdy they reguire to make ther projects visble Those
devdopers asking for the smdlest subsdies win the auction. Fgure 10 shows the
winning technologies This auction gpproach resulted in a surprisngly broad range of
technologies being funded and was quite successful overdl.

The emeging fund is given in the form of grants much more dong the lines of
traditiond support to renewable technology development. The customer fund is used
in pat to ddiver a direct subsdy to maketers Tha is if a retal provider of
dectricity other than the disco provides digible dectricity to a resdentid customer,
the marketer, in addition to the generator, receives a subddy of agpproximady 15
¢kWh. This provison has provided a drong incentive for retalers trying to compete
with discos to sdl digible power, even though its wholesde price tends to be dightly
above nondigible generation. For this reason, the few (adbout 2%) resdentid
cusomers who have switched from ther loca disco to dterndive retalers have
overwhemingly chosen to purchase green power products.

12
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Figure10 New Renewable Technology Auction Results By Capacity

4. Conclusion

Cdifornia has undertaken amaor retructuring of its eectricity utility sector. Mogt
eectricity isnow sold in open markets operated by the PX and other entities. Bilaterd
contracting among some market participants is o permitted. A group of
independent generating companies bids into these markets together with out of Sate
resources. In addition to these markets, CAISO operates markets for both imbaance
energy and AS, aquite unusud feature of the Cdifornia system. These markets were
initidly quite chaotic and were rife with market power problems. However, various
reforms have now crested a system that functions well. During the restructuring
process, pecid provisons were made to protect public purpose programs, induding
renewable generation.
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