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DRAFT AGENDA

Dav 1-Tuesday. February 22, 2000, Definitions. Requirements, and Characteristics

[ 09:00 - 10:15

Ancillary Services (AS)
Singh, Kirby

Time Subject Notes and Remarks
08:30 - 09:00 Welcome and Introductions
i Definition and Scope of This is a critical session. It will

establish a common understanding
and will highlight those AS that
are of primary interest in this
forum.

T10.15 - 1045

Break

L 10:45-12:30 Fifteen to twenty minute | To describe the approach to AS
| presentations on AS by four ‘ being taken or planned or being
. CENTREL members and 2-3  : implemented in their country or
i Visiting Experts region. Each speaker should also
| Markel, Chicharro highlight specific issues and
problems of importance to them.
12:30 -14:00 Lunch at the Marriott Hotel '
14:00 -15:30 Planning and Scheduling of How much of each AS is needed.
Ancillary Services Effect of Reliability and other
Singh operating criteria, load levels and
pattern of load variation
P 15:30 - 16:00 Break
1 16:00 - 17:30 Technical Requirements for Characteristics and properties that
Ancillary Services and their AS must meet. How to determine
Verification whether the services are/will be
Kirby available, '
19:00 Dinner Mazurek Restaurant

Hosted by USAID ¢ Electrotek

Proposed structure of technical sessions: In every technical session. it is planned to have a [0-13 minute
presentation (or longer if appropriate) by a moderator highlighting the major issues for that session. This
will be followed by a round table discussion for the remaining time (about one hour) in which the key
issues will be discussed and specific CENTREL problems addressed.




Dav 2 - Februarv 23. 2000, Costs, Trading, Competitive Markets

! Time . Subject Notes and Remarks

1 08:30 - 09:45 : Costs incurred in providing Both actual and opportunity costs

" Ancillary Services will be discussed. '

; Kirby, Singh

- 09:45-10:15 Break

10015 - 11:30 Long term and short term The use of long-term contracts for

1 policy for Ancillary Service AS. What time horizons are to be
development covered? Who should contract for

: Kirby the AS—ISO fore.g.

i 11:30-12:45 Exchange and trade of AS How independent (separate

: among independent systems TSO/ISO/MO) systems trade AS.

f Alonso

12:45 - 14:00 " Lunch at the Marriot Hotel

- 14:00 - 16:00 Setting up a competitive Factors influencing design.
market for AS Capacity and energy bids.
Singh Sequential and simultaneous

auctions. “Smart” and “Rational”

: Buyer

| 16:00 - 16:30 Break

| 16:30-17:30 Paying for Ancillary Services Who will pay for the AS and how

and cost recovery
Kirby, Markel

much. How will AS costs be
recovered by the market operator

" Pav 3 - Februaryv 24, 2000, Infrastructure

! Time Subject ‘Notes and Remarks

: 09:00 -10:00 Infrastructure for Ancillary Software, hardware and

| Services Management communication systems needed.
*} Singh, Markel, Kirby

: }0:00 -11:00 Open - for review, discussions

and future plans

: 11:00 -11:45 Free time /Checkout

_11:45

Lunch at the Marriott

Workshop Instructors -

Javier Alonso
Saiz Chicharro
Brendan Kirby
Larry Markel

Harry Singh
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CENTREL FORUM ON ANCILLARY SERVICES

(Orgunisced by Electrotek, CENTREL Members and sponsored by
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Main Tasks and Objectives of CENTREL are a!

s follows

other organisations operating power systems

the optimal generation and transmission capacity utilisation
reliable parallel operation of the CENTREL Members
interconected systems with the UCTL systems

promotion of cooperation of CENTREL with the UCTE and

general improvement of technical facilities through the
exchange among all the Members

improvement of operational conditions of the CENTREL
member power systems

operating the Energy Accounting and Control Centre (EAC(]

arrying out the energy accounting tasks and the load -

- frequency control according to the requirements of pzlrallél
operation with UCTE

monitoring of KU legislation - concerning the internal market
in electricity and the harmonisation of electricity legislation ir
the countries of CENTREL Members




Importants Steps in the Process of CENTREL Development

11 October 1992  Foundation of CENTRIL

12 October 1993  Signing the Catalogue of Measures for LENTII{EL

18 October 1995  The CENTREL - UCTE trial parallel operatm;n through
VEAG system

1 October 1996 Commissioning of the CENTREL - EACC in Warsaw
The second onc - year CENTREL - UCTE tr ljl‘,parallel
operation |

1 October 1997  Submission of CEZ, a.s., MVM Rt., PSE SA and SE, a.s.

| - Applications for UCTE Membership

16 April 1998 - UCTE decision on CENTREL - UCTE permanent
parallel operation |

29 October 1998 . Accession of CENTREL Members as associated
members to the UCTE

1 January 1999 Associated membership of CENTREL Members in the

‘ UCTE came into effect |

19 November 1999 CEZ, a.s. replaced by CEPS, a.s. in CENTREL
membership

I July 1999 Collective membership of UCTE in ETSO

|
|
|
|
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Further Steps of CENTREL
(Present State)

adopted by the Council of CENTREL at Molovee ($lovakia) on 19 November 1999

CENTREL Members will mutually coordinate their preparation of indivi
applications to UCTE full membership
OIWG will be respaonsible fo the coordination ol this process

dual

CENTREL Members make effort to be accepted as ETSO idividual members since

July 2001

Mr. Ale§ Tomee (CENTREL Steering Commuttee Clairniantj was apgmmz{‘ﬁ! by the

Councit of CENTREL to be counterpart for CENTREL to the ETSO repr

Mpr. Jiirgen Schwarz of DV (Germany)
The next CENTREL Steering Committee Mecting will be held in Podebra
(Czech Republic) on 4 - 5 May 2000
The next CENTREL C mmnl Meetring will be held in Poland on | -2 Jund
SE, a.s., will host and organise UCTE Steering Committee and General A
Meeting on 25 April 2002

esenfative
Ly

2{00¢)
ssembly

CE ‘l“ll
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Internal European Market for Electricity
(Present State)

« Creation of the Association of Transmission Systems Operators in two steps :
@ first step - 1 July 1999, creation of the Association of Associations
< second step - since I January or [ July 2001 - Association of TISO's of
the KU Members or states will have signed agreement with El |

* The principles of the TSO*s Association to be applied to all non - LU states
strongly interconnected with Internal Electricity Market electrical networks
(CENTREL,Switzerland, Norway)

* Development of the Economic and Technical Rules for Cross - Border
Transsmision as well as Network Regulation

* UCTE - internal undbundling in accordance with the Chapter IV of the
Directive EU 96/92/EC

* To elaborate the position of the Industry access to tlu Grids and Tariffs

N,
7/ : : :
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Conciusionggwards the CENTREL ngelgﬁ_me_m
(Present State)

* Reliable paralell operatmn of the CENTREL Mcmbers interconnectedisystems
with the UCTE sytems
« To perform continuously the implementation process of the legislation changes

in the power industry
* To follow the European Electricity Market Development and to realise its impact
to the CENTREL Members A |
» To finish a privatisation process in all CENTREL member companies {
To support the controlied opening of electricity market in the CENTREL countries
* To reach full competitive ability of the CENTREL Members
« To co-operate on the synchronous zone extention process (levelopmen
* To coordinate its policy in the area of ancillary services
* To co-operate with all regional electric power groups




Development of Ancillary Services in CENTREL
(Present Staite)

Council of CENTREL meetm;, held at Mogovee (in Slovakia) on 19 November 1999
decided to establish Task Force Ancillary Services wthin SOWG
» The tasks to be oriented mainly towards power echange, power reserves and
regulation capacities
« Nomination of the CENTREL member companies representatives for the Task
IForce Ancitlary Services
« Mr Grzegorz Blajszezak (PSE SA) appointed by the Task Force Ancillary
Services Chairman
* The first meeting held at Krasna-Visalaje (Coech Repubhc} on 13- 17 December 1999

Discussed the further three ancillary services

ability of black start
ability of island operation
— voltage supply

“Technical and trade regulations for the ancillary services trade
(primary, secondary and terciary regulations)
« Relations between market players and ancillary services may have two forms:
= Direct contact betweenTSO and generator
' Contract between saler and buyer
« CENTREL Forum on Ancillary Services in Warsaw on 22 - 24 February 2000
(participation of the CENTRELMembers and Llectrotek - US/HA - c,\'pcrlsjl |

7
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CENTREL FORUM ON ANCILLARY SERVICE 1
(Organised by Electrotek, CENTREL Members and sponsored by US A [IZ?)

|

PRESENT STATE OF THE ANCILLABY
SERVICE DEVELOPMENT IN SE, a.s.

WARSAW., 22 - 24 FEBRUARY 2000



- -provided-in-accordance with CENTREL . respectively UCTE procedure..

Ancillary services in the environment of the SE, a.s.

Ancillary services in the environment of the Slovak Republic power system are

Currently they are being worked out and procured by the SE, a.s. From technical
point of view it can be said that power system operation in Slovakia has been
improved. Recently a technical device, developed in cooperation with Slovak
companies, specialised at terciary regulation has been implemented. By means
of voltage values monitoring in the selected ,pilot™ nodes the reactive power
flows are automatically controlled by means of dispatch control system LS 3200,
respectively by means of a dispatcher. Losses in the system are optimised this
way. This device technologically moves the qualitative side of ancillary system
services forward in the framework of transmission system.

As it was explained m the introduction, the SE, as. work as a vertically
structured joint-stock company, comprising electricity generation, transmission
and trading. .

The transmission system operates as an economically dependant subsidiary and
the national dispatch centre 1s subordinated to the SE, a.s. headquarters. Only
electricity distribution is performed outside the SE, a.s. Ancillary services,
provided by individual organisational units of the SE, a.s. are clearly specified
and assigned to individual technical entities. They are not financially evaluated
and individual entities are not feed for providing these services. The costs divided
into separate activities of ancillary services are not traced. Economy and
accountancy are traced individually at each organisation unit (e.g. Transmission
System, National Dispatch Centre, individual power plants), however, on the
level of a different structure as is that of the ancillary services. Economy of all the
entities is closed at the level of the SE, as. in the framework of a common
economy. This situation is a result of organisational structure of power industry in
Slovakia. At present transformation process of power industry is being discussed.
There exist numerous variants of a possible proceeding, the decision is estimated
to be made in the half of 2000. Now it would be premature to speak of a
dominant variant of transformation, as so far no specific variant is prevailing.
The only unavoidable decision is the one on providing transparent separation of
economy and accountancy of the Transmission system together with the National
Dispatch Centre, from the SE, a.s., in accordance with the EU Directive 96/92.
The situation in Slovakia is strongly influenced by the so far the National
Regulatory Body for electric power industry has not been established and the
function of a regulator is being carried out by three bodies of state administration:
Ministry of Economy, Ministry of Finance and Antimonopoly Office. Another
important factor of the Slovak power system is a continuous deformation of
electricity prices. Next, the absolute extent of the Slovak power system should

A



also be taken into consideration. All the neighbouring power systems are at least
two times larger. It is very difficult to intend to open market, respectively
transform power industry in the conditions-of such a small power system.
Similarlv, in the conditions of a long tune unchanged and undervaluated
electricity tariffs it is not easy to solve evaluation of ancillary system services

without a fundamental price reconstruction and electricity prices rise. Even the
last electricity tariffs rise since February 1%, 2000 (30% for retail trade and 3%
for wholesale trade) has not solved this problem as electricity price in Slovakia
was held-down and currently it is included in the production costs of the SE, a.s.
and distribution utilities. Therefore in Slovakia the issue of electricity tariffs is
being closely viewed, with the objective to eliminate the cross-subsidies partly, to
transform electric power industry and to prepare establishment of an independent
regulatory body. At present, the issue of defining and evaluation of ancillary
services is being viewed and internal proposals for proceedings are being
elaborated. They will be published after a general view of this issue has been
settled.

16
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VLADA SLOVENSKEJ REPUBLIKY
Government of Slovak Republic

Minsterstvo zabranénych veci
Nimstry of foreeoo affairs

Ministerstvo podonospodarstva
Mirsiry of agricuiture

hhimistersivo kultuny
Ministry of culture

Minisiersivo dkeistva
Miistry of ecucation

Miristerstzc onvatzace !

Siristy 7 covatsanen

Mimistarsive nospodarsiva
Ministry of economy

Ministerstvo financii
Minustry of finance >

Ministerstvo ziv. prostredia ] >
Miristry of enviranment :

Ministerstvo zdravotnictva
Ministry of hbealth service

SLOVENSKE
ELEKTRARNE

Ministerstve vnutra
Ministry of interior

Ministerstvo spravodlivosti
Ministry cf 1ustice

Ministerstvo obrany
thinstry of defence

Ninistersivo stavebnictva
Ministry 2f architecture

Ninisterstvo prace
Mirustry of employment

Ministersivo dopravy
Ministry 3f rransportation
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€ SLOVENSKE ELEKTRARNE, a.s
Main goals

¢ safe, ecological, reliable and economical Operat,\.n of
- electric and heat energy sources and power syeaeJn

¢ ensure - in accordance with governmental prg *graT of

economy development - balanced consumption and
production of energy (do not exceed 15 % share of elsctricity import )

¢ preserve significant position of comps&ay on energy
market by implementation of investmant projects.

¢ increase nuclear safety of sources anyg x¢ep them on
internationai acceptable level of nuclear safety

¢ decrease long term ecological impact in according with
international commitments of SR )

¢ apply Least Cost Planning methods in development plans
¢ design energy sources with reasonable coste for future

\ SLOVENSKE

ELEKTRARNE
~HK/ -

--------_----—-----




©) SLOVENSKE ELEKTRARNE, a.s.
| Main goals

permanent intgntion of afternative erergy sources and
hydro-potential optimum use

secure financing for optimal deveiopment projects

implement mechanism of energy price modiﬁcdtion to
ensure company development

diversify import of primary energy sources, imponl't and
transit possibilities of electricity

¢ apply Demand Site Management - OSM and DSM-}n house

projects to decrzase power demand
o2 ¢ intensify co-operation UCPTE and CENTREL countries and
B - gradually integrate power system of EU and SR

=y SLOVENSKE
ELEKTRARNE

Az



Organizac¢na Struktura SE, a.s.

Organisational chart of the SE, a.s.

Predstavenstvo SE, a.s.
SE Board

1

Predseda predstavénstva a generalny riaditel
SE Board Chairman & General Dierctor

Y

¢

Prenosova sustava
Transmission system

JE Bohunice
NPP

3

JE Mochovce
NPP

Vyrad'ovanie JEZ a
zaobchadzanie s RAQ
a vyhorenym palivom

NPP decommissioning of
nuclear
installations,
RAD-waste
and spent fuel handling

Eiektrarne Vojany
FPP

VE Trénéin
HPP

Elektrarne Novaky
FPP

Teplaren Handlova
CHP

Drava

Cietny Vah
Liptovska Mara
>ucany

Mikdova

Nosice

IPubnica n/Vahom
N.Mesto n/Vahom
Madunice:
Gabdikovo

Teplaren Kosice
CHP

'VE Dobsina
HPP

2
0
3




B ©)SLOVENSKE ELEKTRARNE, a.s.

. | Potential suppliers
Primary energy share at SE, a.s. e Russia |
* G(;armany
100 ¢ USA
30 + France
80 ¢ GpeatBritain_ |
7 0 ,__..._; ——- - - “.._..
60 Poterrl—t—lal suppliers
o ¢ Russia '
o S0 ¢ Ukraine
40 ?
ol ¢ Poland - coal
’ 30 Other suppliers ;
20 'Black coal - high transport
10 BR - costs |
0 Brown coal e
ol 1995 2000 2005 20 Domestic sources ]



INSTALOVANY VYKON ELEKTRARNI ES SR
installed capacity of the power plants in SR

Elektraren MW % Power plant

JE 2200 281 Nuclear
PE 2166 277 Steam
VE 2470 315 Hydro
ZE 777 9,9 Industrial

PPC 218 2.8 Combined Cycle

Suma 7831 100,0 Total

VYVOJ INSTALOVANEHO VYKONU V R. 1986-1998
Development of installed capacity in the years 1986-1998

$000 - e e - —
7000
A0 B T
3000

£ 1000 —
5000 b PR
2000 L R
1000 *

0 -

1986 1987 1983 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

O JE/Nuclear OPE/Steam & VE/Hydro B ZE/Industrial @ PPC/Combined Cycle

STRUKTURA BLOKOV (nad 90 MW) ELEKTRARNI ES SR

Structure of the units (over 90 MW) of power plants of SR

Blok (MW) Pocet blokov Druh Elektraren
Unit (MW) Number of units Type Power plant
220 8 JE Jaslovske Bohunice
220 2 JE Mochovce
110 5 PE Vojany 1
110 5 PE Vojany 2
110 4 PE Novéky
218 1 PPC Bratislava
122.4 5 PVE Cierny Vah
90 8 VE Gabéikovo



VYROBA A SPOTREBA EL. ENERGIE ES SR V ROKOCH 1984-1998 (GWh)
Production and consumption of the el. energy of SR in ygars 1984 - 1898 (GWh}

Rok Vyroba Spotreba ‘ Index-vyr, Index-spotr,
Year Production Consumption . Index-prod. Index-cons.
1984 20 360 25 442 103.9 103,0
1985 22 494 TRTE TS 1086
1986 24 170 27 415 107.5 1011
1387 23 630 28 362 978 103,58
1988 23074 28 913 874 1019
1989 24 081 29 504 104 4 102.0
1990 24 062 29 297 99.9 99.3
1691 22 709 27038 94 4 92.3
1992 . 22 340 25781 98.4 95.4
1993 23 417 24 497 104.8 95.0
1994 24 740 25162 105.6 102,7
1995 25 905 27 324 104.7 108 6
1896 25 290 . 28 875 978 1057
1997 24 547 _ 28 629 a7.1 99 1
1998 .26 07 28 268 106.0 987

30000 -~ T T _ —

25000-7

20 000 - §

=
= 15000
&
10 000
5 000
0 ;
e “ o ™~ o = = _— o o -+ wy p) - e 3
* 2] n €K ] % = = = = N = = = o
= > = f=a) = = > = = kel - = = = b
= =2 %S =2z ozZ N & L AN L .=
Rok/Year

& Vyroba Production T Spotreba Consumption .

PRENOSOVA SUSTAVA SLOVENSKEJ REPUBLIKY
Transmission system of Slovak Republic

Transformadny vykon 8 410 MVA Transformation capacity
Vedenia 400 kV 1877 km Lines 400 kV
Vedenia 220 kV 964 km Lines 220 kV
Rozvadne 400 kV 16 Substations 400 kV
Rozvodne 220 kV 8 . Substations 220 kV
Transformatory 400/220 kV 1 400 MVA Transformers 400/220 kV
Transformatory 400/110 kV 4 410 MVA Transformers 400/110 kV
Transformatory 220/110 kV 2 600 MVA Transformers 220/110 kV
BEST AVAILABLE COPY
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DIAGRAM TYZDENNYCH MAXIM
Diagram of the week maximums
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Diagram of month loadings in SR
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System services supplied by CEZ/CEPS in the Czech republic and ancillary
services procurement

1) Present situation _ . .

contracted by CEZ)

Standard simplified mechanisms (calculations) are utilized to set system requirements.
Under weekly planing proccdures, calculations for sufficient spinning reserve and non-
spinning reserve is provided. Detailed allocation of primary regulation and secondary/tertiary
regulation is processed mainly on a day ahead basis by dispatchers.

Replacement (,,cold™) reserve is planned on an annual/monthly planning basis.
Other ancillary services such as Black start ability, island operation ability and voltage
support is planned by CEZ on an annual/monthiy basis.

Wholesale price of the electricity (for distributors) is regulated by ministry décrees in a
form of price caps, applicable for supply from utility (CEZ). Till the 31.1.2000 this price
included payment for system services.

No price caps are given to the electricity from IPP$ | and no obligation of IPPs to supply
also ancitlary services exists. It means that [PP$§ compete with CEZ supplying electricity for
distributors for prices just below the price cap, but do not supply any of the ASs.

Effective from 1.2.2000 there is a separate rate for system services which is paid by

distributors and is associated to each MWh supplied to the distributors from the transmission

grid. Based on this regulation, CEPS in now in the process of preparing the contract with CEZ
for supplying ancillary services. Each of the ancillary services would have assigned price
valid for the year 2000 for each capacity, actually suplied as a ancillary services. The
requirement for the amount of AS have been published by CEPS for each week of the year
2000 break down into weekdays and weekends requirements. This requirements are precized
on a monthly basis. This means, that as an ancillary service is paid only the required capacity.
For any other excess capacity, there is no payment.

2) Proposal for the year 2001

There is the new energy law proposal which have been approved by government and is
postponed to the parliament. It is expected to be enacted by parliament this year and effective
from (possibly) Jan. 2001 will open the first stage of the electricity market in 2002. In order to
keep CEPS as the future TSO one step ahead, we proposed new regulation formula for the
second half of the year 2000, which is at present under the discussion with regulator. This
proposal suggests:

- system services rate will be paid by distributors to CEPS for each kWh procured by

distributors to the final consumers
- this rate have been calculated from fixed and variable costs, associated with the ancillary
services proviston :
- every generator, who is able to meet technical standards of the published Grid code
1} is eligible to be conected to the transmission grid
2) isentitied to supply at minimum the share of each AS, which is appropriate to it’s
share of the electricity market. It will be covered by contract between CEPS and

- —All ancillarv-services(AS ) is-provided-by-CEZ-(about-15%-of itcomes-from-IPP§units— -~



generator including verification mechanism of suplymg service with appropriate
quality, payment conditions etc.
the rest of each AS, which will not be primarily covered by qualified generators (this
share is equal to the total market share of the generators technically non-qualified for
ancillary services supply) will be traded in an open bidding process.
all system services will be ordered in bilateral contracts for a remaining part of the year

2000

till the end of the year , CEPS will develop its ability to procure al} the ancillary services

via standard market mechanisms (i.e. bidding process for part of services, procured by

bilateral annual/monthly contracts, and day ahead market for the rest of it)

- CEPS will also develop sophisticated mechanisms/methodologies to calculate hourly
system requirements for each ancillary services including their evaluation

The day ahead market will be organized using internet aplication. This aplication we will start

to test as a “market game” with alf potential participants from the early autumn in order to get
some know-how and information before starting the real market.

We expect to be prepared to fully open the market for ancillary services from 1/1/2001.

For procurement and handling we have defined nowadays the 5 main categories and 3
supplemental categories.

- primary regulation
- .secondary regulation ~ 10 minute spinning reserve with direct on line communication with
central regulation system

- tertiary regulation — 30 minute spinning reserve with dlrect on line communication with
central regulation system

- quick start regulation — 10 minute non spinning reserve
replacement reserve — , cold start” units

)

Supplemental categories are:

- U/Q control at the level of transmission grid
- black start ability

- island operations ability

While supplemental categories are typically regional ,,in-system® services, we have identified
potentially 4 of 5 main categories to be able to trade within CENTREL systems (except for
secondary regulation at present which means automated secondary regulation ).

What we expect of that is:

- allow each TSO to procure sufficient system reserves even with poorer (temporary)
domestic ability

- keep domestic market players off the strong market games in the domestic markets

- support efficient allocation of as much reserves as is possible at the CENTREL level
- gain benefits from open market with AS

Main categories are: . l



3) Ancillary services prices at the domestic market

We expect it should set by the market mechanism. One of the possible bid price structure is:
- primary regulation - price in CZK/MW for each hour supplying service

- secondary regulation - price in CZK/MW for each hour supplying service (variable costs
is included)

- tertiary regulation — fix price for reserve capacity CZKIMW in each hour + variable price
for electricity supply

- quick start reserve - fix price for reserve capacity CZK/MW in each hour + variable price
for electricity supply and price for startup when called

- replacement reserve - fix price for reserve capacity CZK/MW in each hour + variable
price for electricity supply and price for startup when called

For the very early stage of the open market, we have developed simulation model (based on
opportunity cost simulation, including a market strategy “parameters™), which allows us to
evaluate possible range of bid prices and consequently market clearing prices, and predict
potential market failures. This mode! will be utilized also to prepare rate case for the system

services rates for the year 2001, which hopefully includes also some know-how from the pre-
market stage in 2000.

If we will reach some agreement within the CENTREL group about rules for AS market, we

will open the bidding procedure also for offers from abroad basicly on the principle of the
reciprocity. :

Fal
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AnC|IIary Servrces Market |n Hungary |

Current Sltuatlon

e System operat|on |s based on contracts |

. Operatlonal Code S obllgatory for each-f:‘
player connecting to the system

» Tariff system is regulated"ﬁ

23- ” O
2224, February, 2000 Antal Balazs péter S:mrg,' _Zoltan Trhanyr MVM REZ 7 7
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’V\/"‘ Ancrllary Servrces Market |n Hunga ry

~ Current Sltu atromﬁ__;_}_ R

Anciilary services are: “ ';.’ 37 |

22-24. February, 2000

Primary reserves
Secondary reserves - splnnlng or qU|ck start
Tertiary reserves - sprnnlng or cold

Reactive power regulation .
Start-up/shut-down of generatm_giunlts
Black-start abllrty B o

| Emergency response rate”

Other special services

Warsaw, Poland

Antal Balazs, Péter Sim_igj}- Zoltan Tihanyi -

mRe



W AnC|IIary Serwces Market |n Hungary
Current Sltuatlen

Other special services are e g
e Surplus capaqty/energy |n peak
e Decreased minimum: requlatlng Ilmlt/energy

generation during I|g ht 1oad""-perlod L

. Rescheduled/shortened planne
program o

Y AP
X

On demand of thesvstem ok

34—  22°24. February, 2000 Antal Balazs Peter Slmrg, Zoltan Trhanyr MM *‘.

[ ] _Wa_rsaw_?oland I O I . e B - Bl - -: -— _
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Ancillary Servrces Market r n;;;Hunga ry| s

“Cu rrent Sltuatlo__n

Payments for prowdlng "'a-nc’||lary" services| T

o Reserves: in percentage of energy fee,
based on availability or: utlllsatlon
(primary), accordlng to PPAsH _

« Reactive power, black-—start ﬁxed charc‘if‘f?_‘; a8
based on avallablllty, accord‘mg to PPAs -

22-24. February, 2000 Antal Balazs, Péter'. Simig',",:' Zoltan Tihanyi - MVM _R_t_.;_;.
. - Warsaw, Poland L
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Possible Future Solutlons

e Bilateral contracts between ISO and
generators supphers ,custo_mers

e Internal market forf%ASss;

« Common market for!s_ome _ASs Wlthln

CENTREL or even on ?’é" 'Wlder scale

22-24. February, 2000 Antal Baldzs, Pétér Simig, Zoltan Tihanyi - MVM REz x5

35 Wwarsaw, Poland




PRIVATISED POWER COMPANIES OF THE FORMER MVM-GROUP
(January 1999)

RWE Energie AG - EBW AG

PLANT
>30%

IVO - TOMEN ~74%
DUNAMENTI POWER

>50% >50%

v o Sl

LTI e
o a—---\h--.....-.....-— .

SR M ATRA POWER PL
)

ANT

[BUDAPEST POWER

PLANT
owerfin S.A.-Tractabel ~72% ‘ S R |
— N TISZA POWER PLANT
EDASZ ’ fi AES Summit Generation Ltd.
EDF Int. - Bayernwerk AG rj S i ~83% |
ELMUNS - gl
TITASZ
Isar Amperwerke AG

>50%
BAKONY POWER PLANT

Euroinvest-Transelektro
50%+ 1

DEDASZ
Bayernwerk AG
>50%

>50%

-

DEMASZ
EDF International
>850%

PECS POWER PLANT
Mecsek Energia Kft.
61%

;; 8/c Komm. O. Splebik Jorseiné
_-----ﬂ—-----—-—---



Ownership Structure of the Fom1er MVM-Group

January 1999

Paks NPP Ltd. [ OVIT Rt
0.1% 0.1% 0.2% 6.0% 1.3%
Y :
Others [ Local Others
municipalities

Ao e g e .
r.:‘;l"(.}:il“;J
]

CaneE

Komm. O. Spiskk Jomefné
0

Ownars other than state CAGRYVIEY Y
Trade: >50 % |Trade: 350 % RIBCE RS hETE
Municip. Municip, ’
Small. Small
Others Others
A Municlp.: 5,2% 4 "
Small: 0% 18.5 %-1 sh:
Others: 25, 5%
A
1 :
Distribution ;
Companies ' '
EDASZLtd. |
DEDASZLtd.| .
DEMASZLtd. |
‘Hlfnl PP Ltd. EMASZ Ltd. |
"Tlezal PP Ltd. TITASZ Ltd. | !
~pPécs| PP Ltd. ELMO Ltd '
] L 5

* MVMRt staka 0% :
[*MVM RL stake: 25 % + 1 share



W MODEL OF OPERATION
END REGULATION
~ {IMPORT |
| e
GENERATORS | TRANSMITTER| SUPPLIERS | €
- | (Power Plants Ltd s) | (MVM Rt.) (DISTR. COMP.) | U
T . H A 48
) : -~ [autoproDUCERS |\, SN T
S A ) M
| Public E
) Utility Regulation| | R
of business | ——
l.ong term and Long term and Public utility
annual PPA annual PPA contract {
;,é/ Generator s margin Wholesale margin Sale s margin Customers tariffs

Komm. O. Spisik Jozscfné ' ' | .
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MODEL OF OPERATION |

i

IMPORT TRADING TRADING | PUBLIC UTILITY
SOURCE PPA PSA : CONTRA
GENERATORS T ’ \ 1
' SUPPLIERS {
INTEG- ! .
RATED | owerPlants TRANSMITTER L__3| 1iSTRIBUTION » C |
COAL- | connected 1o the grid {MVM Rt.) ~ > Q) ui
MINES of MVM RY. s COMPANIES) S .
/ :
GENERATORS r |
) TRADING
(peak gasturbines) PPA 0O\l
_ M
[ : E i
GENERATORS + ;
NTEG—Power Plants connecled STANDARD OPERATION ALl |GENERATORS| {PUBLIC UTILITY} | p
RATED | to the grid of the trans- TERMS OF CODE (Power plants of ELECTRICITY S :
COAL- fnission and distribution ucers REGULATION ji
MINES | companies ! b '
Generator’s margin Wholesale margin Sale margin J ;
<+ > < » <+ l ‘
T * ‘ 1
Fuel cost ——3 Availablility fee !
——p Energy fee (by 3 zones) —— Capacity charge f
: |
——» System control fee |
L5 Mine capacity fee L5 Energy charge J -—-—-—»C"ts:l‘;';‘r:”

101 Komm.O. Spisik Jomciné

%2 .



EFFECT OF THE ELECTRICITY ACT

ELECTRICITY ACT r
—| Power plants — Generator
: i
i X
|  FElectric : ; Licence holders | Transmitter Customers
utilities: National grid {
Distribution l_ Supplier
network
Consumers’
appliances - Relations
_ — -
Connected !
- appliances / Generator. \
. ) . :
% Transmitter ‘ Customer
- ‘ 1 /
\ Supplier

| Establishment Operation Decomission guﬁﬂc’ﬂnsummion
| FELECT RICITY ACT only -

135 Komm. Q. Spisak Jozsefné




Ancillary Services

Brendan Kirby
Oak Ridge National Laboratory
Consultant

kirbybj@ornl.gov  865-576-1768
www.ornl.gov/psr

Ancillary Service:
What are They and Why Have Them
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.

. RISK: Public humiliation with thousands

- REWARD: A certificate of appreciation

System Operator's
Risk/Reward Calculation

of innocent people siting in the dark.

in a handsome plastic frame.




Ancillary Services ...

» Support basic electrical services:
- Generating capacity

. Energy supply
. Power delivery

« Essential for reliability and for
commercial transactions

o« Amount to ~10% of wholesale costs
($12 billion/year @ 4.1 mills/kWh)

What Is Technically Required?

« Balance generation & load
» normal operations
. contingencies
o Maintain voltages
. normal operations
. contingencies

+ Restart the system

-5
-
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Objective

Identify functions and services provided by

generating units and the transmission system

that are today buried within vertically

integrated utilities and bundied into one price

. Exhaustive (covers all the services provided)

. Mutually exclusive {(no overlap among identified
services)

This is Not New Technology

Utilities have been performing these functions
for decades, but as vertically integrated
regulated monopoly organizations.

A structure with multiple competitive parties
require clearer definitions, measurements,
requirements rules, and operating policies

We need to think about the power system in
new ways

[N



Nine Common Ancillary Services

« System controi o Backup supply

« Regulation o Voltage control
» Load Following « Black start

o Operating reserves o Network stability

. Frequency responsive
. Supplemental

Ancillary Services Have .
Different Time Scales

| Backup Supply I

.
A
|
i
.
»
i
i

- I'Supplemental ReserE' .

! Spinning Raserve

: |
. Primary Frequency Control

|
!
!
I
i
|
|
i
|

!
b
i
i
i
!

Regulation

0.01 0.1 1 10, 100
g TIME (MINUTES)
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Degree of Unbundling Should Depend

—on-Costand-Value
ac
Unbundle for costs
2 {to suppliers)
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Basics Assumptions

Market decisions better than command and control

« Let markets supply what they can
. energy
. reliability
« Supplier competition reduces costs

« System operator must be independent
of financial interest in transactions

You can not buy or sell what you can not measure

L



Why Create Competitive Markets for
Ancillary Services?

» The cost of some ancillary services are not
trivial

o Loads differ in their ancillary service
requirements

+ Generators differ in their capabilities and
requirements '

« Markets allow diverse individuals to balance |
value

. this may increase load participation in supplying
services

Who Cares About Ancillary Services
and Why

» Generator owners: profitable sales, understand costs
« Power marketers: profitable sales and purchases

« Control-area operators, ISOs, Security coordinators:
sufficient reliability resources are available and
perform as expected

» Government regulators: sufficient ancillary services
to maintain reliability and support competitive
markets at reasonabie cost

« Customers: high reliability and iow prices

,
. ; .



Several Perspectives

Control Area - Resource - Consumer
System operator / planner
Generator
« Load

« Transmission / distribution provider
Aggregator
o Marketer

Technical Requirements

S2



Services Well Defined
but...

No agreement yet on

. quantifying provision or consumption
. measurement

. pricing

‘NERC draft Policy 10 offers limited
clarification

. “details” left to the Operating Authority

Response Time Dictate
Some Characteristics

o Fast (less than 1 minute) itis adtomatic, local
response

« Intermediate can have coordinated response
from a fleet of resources under central
control

« Commercial markets can respond in ~1 hr




Time Scale for Real Power Services

Backup Supply |

:
i
i
! : i o
i |
Contingency Operations Supplemental Reserve
;

t .
Freguency Responsive Spinning Reserve !

Energy

: ! imbaiance |

H | !
Normal Operations i . |

! ! Load Following i

i —

! Regulation |

2.1 1 10 100

TIME (MINUTES)

Contingency Reserves

» Sudden, unplanned failures of generation and
transmission are unavoidable
. N-1 criteria
« Physical requirement
. restore generation/load balance
. arrest frequency decay (obligation to system)
o Insufficient time for market response

o Problem addressed on a control area basis

s



Contingency Reserves Characteristics

o Frequency responsive

. fast, autonomies response

. coordinated droop & deadband
e Supplemental

. fully available in 10 minutes

o Backup supply
. return to commercial operation
. restore reserves

Response to a Major Generation Failure

50 04 -

6002 -

0 00 4---vsrmmmmceamanaacns i casasasanarmabeaaac s g,
% i
2 558 - i
= ‘ 2600-MW !
a : Generation h .
w 59.95 - Last AGC RESPONSE I
i
§5 94 - |
s39: - ;
*~— GOVERNOR RESPONSE
55 40
5583 300 810 820 8:30
. TIME (pm}




Ancillary Service Coordinated Contingency

Response
Custormer notifies OA
OA of Backup implements * Contingency Reserves Restored
Supply Source Schedule Markets Restored

P—————

- Contingency * Backup Supply
Contingency K Reserve
Cecurs | .
Frequency
v Responsive
Reserve
-10 ] 10 20 10 40 50 o

Minutes

Frequency Responsive Reserve Required
Performance

1
d I
: : I
_Fuliresponse in 10 seconds ;
: > : ‘ z
: ? Requested reserves ‘ i
. i (system frequency deviation)
: i |
] : i
|
o
i Pre- 1 +- 10% of pre-
i contingency 5; contingency operation
? 1. . . )
| ‘' Return; within 20 seconds of ]
{ frequency rastoration '
-10 -5 Q 5 10 15 20 25 30

TIME (MINUTES)
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Load or Generation Could Provide

———r+—Frequency Response... .
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Underfrequency Load Shedding and

E——
b
I
1

Frequency Responsive Reserve Differ

« Underfrequency load shedding is not
optional (you were going to be cut off
anyway)

+ Moves into the governor control

frequency band - So it deploys more
often

o SILOS - Shed In Lieu Of Spin

Contingency Reserve Resources

o Load or generation
« Post event concerns
. restoring reserves
. returning to pre-event schedule
o “Fleet” response
o With or without real-time metering
. post-event metering
. statistical metering
. testing

(%



Backup Supply

« After the system deals with a contingency:

. operating reserves must be restored to cover the
next contingency

. the commercial generation / load balance must be
restored

o Timing must be coordinated with operating
reserve duration & commercial markets

. timing is related to the risk the system takes of not
being able to respond to the next contingency

Typical System Load Data

System Load (MW)
’xé
. ‘.;-?

14



Regulation and Load Following Balance the
System Under Normal Conditions

13000 500
g*{zsoo i 400
o0
s 200
'S 12000
=]
= L 200
& 11500 -
k- 100
S 11000
" 0
?
S 10500 L 100
-

10000 - L 200

7:00:00 8:00:00 $:00:00 10:048:09

Regulation (MW)

Reguliation & Load Following

« Both address the time varying
characteristic of balancing generation
and load under normal operations

o The “system” only has to compensate
for the aggregation

o The aggregation is composed of
individual loads and generators with
diverse characteristics

GO



Load Following Is Longer—term Analogue To
Regulation

!

» Use of generation to meet hour-to-hour and
daily variations in load

« Occurs over 10 minutes to hours
o FERC did not require in Order 888 tariffs

« Competitive provision and pricing feasible
and desirable

Regulation And Load Following Differ

REGULATION LOAD FOLLOWING
Patterns Random, Largely correlated
uncorrelated :
Generator Requires AGC Manual
control
Maximum swing Small 10 - 20 times more
(MW) ‘
Ramp rate 5~ 10 times more Slow
(MW/minute}
Sign changes 20 - 50 times Few
more

o~
yo—

—
@)



Regulation Unresolved Issues

o« Generator costs:
. Heat-rate penalty, O&M costs, unit commitment

o Performance measurement

. Time interval (e.g., 1 minute), interpretation of AGC
signals, performance limits (ramp and jerk rates}

» Disaggregation to individual customers

Voltage Control and Reactive Supply

« Voltages throughout the power system
must be maintained within a narrow
range |

« Reactive power consumption and
production must balance in real time

« Reactive power can not be moved as far
as real power

Le

17



System Reactive Power Requirements

The power system itself is a consumer and
producer of reactive power

o Dynamic
« Change with contingencies

o Depend on:
. transmission system configuration
. generation dispatch
. load magnitude and pattern

Supply resources under system operator
control

Voltage Collapse

Vipltage Colapse
100 Mile 345 KV Transmission Line

Voitage

18



Voltage Control

« Required for normal operations, outage

prevention, and system restoration

o Fernando Alverado suggested mirrored
real & reactive services

Reactive Support

Generation & Transmission

o Generator
. fast response, output rises with V drop
Capacitor
. switched response, output drops with V2
Reactor
. switched response, output drops with V2
. SVC | -

. fast response, output drops with V2
e STATCOM

. fast response, output drops slowly with V




Generator Reactive Limits

Field Heating Limit

0.85 PF

Producing MVAR

Armature
Heating
Limit
Prime Mover Limit
—_—

REACTIVE POWER (MVAR)

Abzarbing MVAR

Care End Heating Limit

"REAL-POWER QUTPUT (MW)

Voitage Control Requirements

« Maintain acceptable voltages
throughout the system

e Dispatch transmission and generation
resources

o Manage reserves to handle
contingencies

o Difficult to allocate voltage control
burden among customers




System Black Start

Unique Characteristics
o No system power for: unit start,

“auxiliaries, communications, or control

» System condition unknown
« Rapidly changing configuration

More Than a Generator Service

« System black start requires
. Generators that can start themselves

. Transmission-system people, controls, and
communications

. System-control people and communications
. Other resources returning to service
« Everything needed to run the system
under normal conditions
« Economic constraints relaxed




Systém Requirements

A Plan & Flexibility
People

o Communications

o Control

Information

. current conditions

. capabilities & requirements
o Generation resources

Black Start Units
e Location « Control
. topography . real & reactive
. technical . frequency &
capability | voltage
o Capacity . accuracy & speed
. real & reactive . local & remote
.- min & max o Black start
o Stability capability
. unloaded, loading . within required
& loaded : time

b
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Next Start Units

Restoration requires generators return to

service

. each unit goes from being a load to requiring load

Terry Volkmann, NSP, suggests:

#hours ittakes to Synchronize

| # of hours ittakes
"for the 7. Provider
to provide powerto
the generating unit

Unit 1 Unit 2 Unit 3-N
1 Hour 4 5 6
2 Hours 5] 8 10
3 Hours 10 14 18

Block Schedules Create
“Regutation” Burden

Export (MW)

-2400

1 150

T 100

300

T 250

+ 200

Regulation {MW)

12:00:00

13:00:00

14:00:00 15:00:00

-150

23

(7



Network Stability

Location specific application of fast
control over real or reactive power to
maintain system stability, increase
transfer capability, and reduce required
reserves

Ancillary Service Costs

&t
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Iimbedded Cost Based Averages Provide an
Estimate of the Size of the Ancillary Services

Market

Scheduling &
~ Dispatch
4%

Energy Imbaiance
1%

Regulation
9%

Retiability Reserves
16%

voltage Contol 13%
12%
Total An= ary Serace Cost
$iZT oo, 54 10MWH

Regulation Cost Components

« Heat-rate penality
¢ Unit commitment
Opportunity cost
Increased O&M
Shortened lifetime




o U A S

With Competition, Regulation Price
Depends on Spot Energy Market

125

600-MW unit:
15 to $18/MWh;

= 2% of capacity
g 100 for regulation
=
<A
w 75}
Q
[v 4
a
=
g so0}
<
> e
%] Cost if unit Regulati
@ 25 L R egulation
o __ateidy online penaity
. o~ .
A,
»
0 R
10 15 20 25 30

ENERGY PRICE {$/MWh)

Modeling Ancillary Service Markets has Provided
Interesting Insights

« Cost dis patch and price dispatch yield
different results and different incentives

« Ancillary service markets and the energy
market strongly interact

« Several market structures are possmle

impacts of market rule choices are not always
obvious
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Least-Cost

V-nlrl Niffa

&

r-n
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Least-Price Dispatch
+

ﬂnl

It
LS
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« Should ISO minimize price or system cost?
. To minimize price, run price-setting unit at maximum output
. To minimize cost, run price-setting unit at minimum output

« Results may differ only slightiy for system ...
« But differ greatly for individual generators

« Decision affects ancillary-services markets as well

Cost and Price Dispatches Quite Different

700
$14

600 -

500

400 +

300 4

524

200 -

100 -

@ Coal

$21

7 Gas

Cost Dispatch

Price Dispatch
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Ancillary Services May Require

| Generator Redispatch

350

2 Unit 7 (450 MW) [IUnit 8 (500 MW) @ Unit 9 (550 MW) T Unit 10 (300 MW)
300 F -

250

200 +

150 +

100 -

UNIT PRODUCTION (MW)

50 =

Energy + Losses + Regulation + Spin

Ancillary-Service Price Varies
With System Load and Spot Price
12

10 -+

PRICE ($/MWh)
(]

Average = $2.3/MWh

0 - 1 1 1
2000 3000 4000 5000 8000 7000 8000 8000
SYSTEM LOAD (MW)

Lymige




Average Ancillary Service Prices
California December Weekday

%80 -

70 - — Regulation
— Spinning

— Non-Spinning
~ Replacement

$IMW-Hr
&
=~
(]

50 == SN — /\

13
15
17
19
21
23

Key Issues to Consider

« Who makes unit-commitment (and other)
decisions?
. 1580 orindividual generators

« Who bears risks of these decisions?

+« What information is shared with whom?

» Should ISO minimize price or cost? For energy,
anciilary services, or all?

« Should markets clear sequentially or
simultaneously?

« How to define services without gaps or overlaps?
« How to encourage load participation in markets?
+ Role of installed capacity markets?

29
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How Long Should the Contract Be?

Contract L.ength Tied to:

o Provision of other services

o Market power /local requirements
« System planning

o Capital investment

30



Provision of Other Services

+ Some services require the generator to be in
service and partly loaded (i.e. regulation)

» Generator must be viable in the energy
market '

o “Contract” length should be tied to energy
market commitments (hourly)

»

Market Power / Local Requirements

« Generators providing some services (voltage)
have {ocal market power |

« Longer term contracts are needed (years)

© 31



Capital Investment or System Planning
Requirements May Lengthen Contracts

« Black start requires an integrated
system plan

« Black start requires generator capital
investment

o Longer contracts are needed (years)

Individual Service Contract Lengths

» Hourly contracts:
"+ Regulation
. Load following
. Frequency responsive reserve
. Supplemental operating reserve
. Backup supply (?)
« Multi year contracts
. Voltage support (?)
. Black start
. Stability

(8
o
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Who Should Contract For Each Service?

» Some services are clearly to the system:
. voltage support
. black start
. stability
o Others result from individual performance, and could
be self provided:
« regulation
. load following
» backup supply
« Some have both characteristics:
» frequency responsive reserve
. suppiemental operating reserve

Who Should Pay ?

L]
(W8



Should These Two Customers Pay the Same

Amount for Regulation?

Steel Mill

4

Aluminum Smeiter !
v

PU Load

el "o 20 30 ag 50 ED]
Minutes

Individual Loads Impact
‘System Requirements

35
20 Total System
25 1
20 -
15

10

51 system Without Mills

Regulation Standard Deviation (MW)




Should These Two Customers Pay the Same
Amount for Regulation?

A IS I BN T T DBl W e I U BEE ROE IS e maes maae e e
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27
1.8 -
Steel Mill

16 -~ “a
i
14 &

i
12 +

PU Load

Am\ Minutes
Lm Y VYN Power Systems

In a competitive market differentiation among the
burdens individuals place on the system will
eventually lead to a demand for differentiation in the
market.

This is just one example. The steel mill is clearly
imposing a much greater regulation burden on the
system. But current tariffs charge both the same.
Eventually the aluminum piant will tire of subsidizing
the steel mill.
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Individual Loads Impact
System Requirements

[
o

30 4
28 1
20 -

15

104 ‘@"v

(<]

Regufation Standard Deviation (MW

Power Systems

Here we see the impact of 2 mills on the regulation
requirements of a single control area.

Note that either mill individually often imposes a
greater burden than all the other loads combined



Some Individual Loads impose Large
Ancillary-Service Costs

Percentage of total

Mill 1 Mill 2 Rest of load

Energy & Demand 1 2 97
Load following

Sunday 21 8 71

Wednesday 7 2 90
Regulation

Sunday 59 23 18

Wednesday 17 27 56

Industrial Customers Can Dominate
Ancillary Services

+» Load
Industrial share = 34%

« Regulation
industrial share = 93%

« Load following :
| industrial share = 58%°

* Time of use likely important

g2



Outage Frequency Differs Substantially

Among Generators
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- 1 by 31 MW During Hour

Poor Regulation Increased ACE

450

430 - ’ AGTUAL

410 ~
== ‘5‘--. -
400 -
. AGC SIGNAL

350

ACTUAL AND REQUESTED
GENERATOR QUTPUT (MW

q 15 30 45

., TIME [minutes)
7O

&80

How Price Signals Are Given Is Important

Interruptible rates continuously compensate
customers who then hope to never reduce
load

Real-time-prices allow customers to choose
when it is more economic for them to
continue to consume and when it is
economic to curtail




Future Developments

o« Demand side elasticity
. energy .
. reliability services

o Differentiation among consumers

infrastructure Requirements

38
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Communications

o Speed may be important in only one direction

. system operator deploying fast resources
{regulation and contingency reserves)

. response confirmation can be much slower
o Fast signals likely can be broadcast

. blocks of resources deployed for a contingency
o Market participation communications

. prices

. bids

. awards

Certification & Performance Measurement

» Formal certification procedures may be
required for infrequent services (black start,
frequency response)

« Defined measurements (and associated
metering) are required to monitor performance

39
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Markets

o Markets and market rules
o Bidding

40
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North American Electric Reliability Council
(NERC) Calls Ancillary Services
~Interconnected Operations Services (LOS)

http://www.nerc.com/
- - Operating & Planning Standards

- Status of NERC Operating Standards Under
Development
+ Policy 10 - Interconnected Operations Services
. Draft 3 (Word 97 Acrobat) |
+ Reference Document - In‘rerconnec’red Operations Services
Draft 1

+ White Paper - Certification and Performance Measures for
Interconnected Operations Services Draft 1 |
|

* Policy 10 Comments
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" MAINTAINING SYSTEM BLACKSTARTIN

COMPETITIVE BULK-POWER MARKETS

BRENDAN KIRBY and ERIC HIRST
Consulting in Electric-Industry Restructuring
Qak Ridge, Temessee

. Restructuring_the _electric-power industry may provide

compensated for the risks they take and the damages and
costs they incur because of blackstart activities. Clear
standards for required performance along with contractual
relationships to specify each party’s responsibilities and
compensation will be required to maintain system reliability.

substantial benefits in customer choice and economic
efficiency, but it presents new challenges for bulk-power
reliability. The incentives to maintain and properly deploy
systemblackstart services that worked for vertically integrated
utilities may not work when the system operator, the
transmission system, and individual generators are in separate
commercial organizations.

To understand how the power system could be restored after
a major blackout in a restructured industry, we reviewed
existing and proposed North American Electric Reliability
Council (NERC) rules and interviewed experts from 25
utilities located in each of the regional reliability councils
(Hirst and Kirby 1998); the Edison Electric Institute
sponsored this work. Utilities differ greatly in their attention
o blackstart planning. preparation, training, and testing.
These differences are not justified by differences in technical
requirements ameng utility systems.

While the conditions that require system blackstart, a
complete collapse of a major portion of the interconnection,
are fortunately rare, the societal and economic consequences
are so great that a reasonable effort is justified in preparing to
meet suchacontingency. Meaningful (i.e.. detailed) standards
for system blackstart planning, training, testing, and
performance do not exist. Adequate performance is currently
assured by holding the vertically integrated utility responsible
for the final result. In general, the utility empowers its system
operator to compel heroic action from its generation and
transmission resources and people when this service is
required. The system operator evaluates the risk of damage to
generators and other equipment versus the system’s need for
restoration and the utility’s risk of incurring the wrath of
regulators and customers.

The current system for assuring adequate system restoration
will likely not work under restructuring. System blackstart
requires the coordinated efforts of the system operator. the
transmission svstem, blackstart generators. and the remaining
generators, Where it was previously only necessary to
determing if the overall restoration performance was
accepiable {not always an easy task) now it is necessary to
determine if the performance of each party is acceptable and
to assign responsibility (i.e., blame) if the restoration does not
occur smoothly and promptly. Separate generation.
transmission and system-control entities will have to be

PHYSICAL REQUIREMENTS

Unlike many other engineered systems, the four North
American power system interconnections are designed to be
in continuous svachronized operation. Individual pieces of
equipment are taken out of service for maintenance. but each
interconnection as a whole is designed to run without
interruption.

Nevertheless, the power system must be prepared for the rare
occasions when all or a major portion of the system is forced
out of service. This might be the result of a particularly severe
disturbance resulting in the loss of stability and the need for
many generators to shut down. If this accurs. the system must
be able to be restored to normal operadons as quickly as
possible. This is called svstem-blackstart capability.

The principal function of system blackstart is to restore the
power sysiem; restoring service to customers is secondary,
The importance of this distinction is that system blackstart
does not start with a prioritized list of customers that are
restored in order. (For safety reasons, restoration of power to

" nuclear plants is an exception.) Instead, restoration is

designed to return generation and transmission to service as
quickly as possible. Load is used, especially in the early
stages, to maintain the stability of generation; it is the loads’
locations and magnitudes that determine which loads are
restored when.

System restoration requires four sets of resources:

n Blackstart-generating units (often hydro and
combustion-turbine units) that can start themselves
without an external electricity source and can then
energize transmission lines, restart other generating
units, and ultimately restore service to customers,

u Nonblack start generating units that can quickly
return to service after offsite power has been restored
to the station and can then participate in further
restoration efforts;

2 Transmission-system equipment, controls, and
communications (including ones that can operate
without grid power), and field personnel to monitor
and rebuild the electrical system after a widespread
blackout: and
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n System-control equipment and communications
{including ones that can operate without grid
power), and people to plan for and direct the
restoration operations after such a blackout.

For system restoration to be effective there must be a well
thongin owt testoration plan, traiming exercises, and
verification testing. Because the exact condition of the system

generation, and finally requiring load themselves when they
synchrotize to the grid and begin delivering power. The
longer it takes to restore offsite power to nonblackstart
generators, the longer it can take for these units to return to
service. Such delays can occur because conditions at the
nonblackstart generators deteriorate the longer they are
without power to operate their anxiliaries,

at the time of failure will not be known ahead of time, the
plan must be flexible. A great deal of additional information
(charging current for each transmission line, loads on each
substation feeder. etc.) must be assembled and available to the
system operator to support flexibility in blackstart operations.

Blackstart proceeds as follows: (1) the system operator

determines the nature, cause, and extent of the outage and

whether the blackstart plan should be implemented; (2) the
systemn operator communicates with appropriate utility
departments, neighboring utilities, and the regional reliability
courcil; (3) loads are disconnected and the transmission
system is sectionalized, either directly from the control center
orby the system operator directing field personnel to perform
the operations. (4) the system operator directs one {or
multiple) blackstart generators to begin operation; (5) once
such a unit has started itself. the svstem operator begins the
complex process of re-energizing a portion of the
transmission system and providing power to other generating
units; (6) generators without blackstart capability return to
service as soon as possible after offsite power has been
restored to them to allow restoration of the overall system to
continue; (7) the system operator directs the reconnection of
loads to the system as additional generation is returned to
service, initially to help stabilize the generation and later to
restore normal operations, (8) as individual islands of
balanced generation and load grow, the system operator
coordinates their resynchronization into the interconnection,
and (9) service is restored to the remaining customer loads.
All these steps must protect equipmient and personnel, and
maintain voltages and frequency near their reference values.

The coordination problem of re-energizing the grid is
complicated. Generators have minimum and maximum load
- limits (M W) and maximum ramp rates (MW/minute). As the
first generators come back online, the system operator must
provide sufficient load to keep the units above the minimum
load limits but not exceed their generating capabilities,
ramping limits, or voltage-control capabilities. It is difficult
to balance generation and load when both, along with the
system configuration. are changing rapidly. Real power load
is obtained by re-energizing groups of customers. Timing is
critical because of the overall need to restore the system
rapidly but also because the nonblackstart generators are each
coming online first as loads because of their auxiliary
equipment, then increasing that load as they prepare to restart

The transmission system itself presents a dynamic reactive

load. Transmission lines are highly capacitive when not
loaded and voltages can easily become excessive. Generators
and reactors are used to hold voltages down. Unfortunately,
generators are less stable when they are absorbing large
amounts of reactive power than when they are producing

reactive power. The system operator must be aware of each

unit’s reactive capabilities and the loads that will be imposed
as each transmission segment is energized.

Restoration usually involves restarting the system in several
locations at once. As the restoration progresses. each island
contains a growing generation and load balance. These
islands must be synchronized to ' re-establish the
interconnection. This process involves matching the
frequency and phase angle of adjacent svstems before closing
the breaker to connect the systems. Normal operations are
resumed when the entire system is reconnected and all load
is restored. Depending on the extent of the blackour damage
to the system, and other load and generation conditions.
restoration will take hours to days.

Selecting the blackstart generators is somewhat location
dependent. Blackstart generators must be electrically close
enough to the other units they are 1o help restart 10 be able to
energize the transmission lines connecting the two plants and
control voltages at both ends. The blackstart units must also
have sufficient capacity and ramping capability to be able to
provide the restart power required by the other units. The
system operator determines how many units within the
contro] area must have blackstart capability, where they are
to be located, and how to use them in the event of a blackout.

Unit and system testing and exercises are performed for three
reasons, First, they assure that the equipment is properly
maintained and capable of performing the required task.
Second, they train personnel (this is especially important
because of the rare need for the service and the resulting
inability to get useful on-the-job experience). Third, they test
the plan itself. Postiesting and postsimulation analysis is
performed to determine what improvements are required in
facilities, equipment, communications. personnel training, or
to the plan itself.

Three types of blackstart units are in common use. Hydro
units are generally used, when available. They are usually
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quick starting, can often be started remotely, and generally
exhibit stable and fast control. Hydro units are so well suited
for blackstart that NERC procedures recommend that all
hydro units be equipped for blackstart capability, Frequently,
a small (1 MW) turbine is included in the installation to
power auxiliary loads, allowing the start of the main
turbine(s).

plants (e..g., diesel units) are often equipped with blackstart
capability. These units can usually start rapidly, often under
remote control, and can be precisely controlled.

Some thermal plants, while not capable of blackstarting
themselves, canbe equipped forload rejection. This technique
relies on identification of the imminent collapse of the system,
isolating the generator to its own auxiliary load (and possibly
to some local load), reducing the generator’s output from the
pre-event operating level to match the isoiated load, and
maintaining that output until the system calls on the tnit to
connect to the grid, re-energize a part of the system, increase
ourput and help restart other units,

CURRENT PROVISION OF SERVICE

To identify how system blackstart is curréntly provided. we

interviewed experts from 23 utilities located throughout the
country. We also obtained documents from these utilities, and
from a variety of other sources, mcludmg other utilities and
NERC.

Testing of system restoration is generally accomplished by
simulation or with 4 table-top exercise. Some utilities do no
testing or simulation, while others (Union Electric, American
Electric Power, and Southern) actually use blackstart units to
energize portions of the grid (generally a single transmission
line} and provide restoration power to a fossil unit In
England, the National Grid Company periodically tests the
ability of blackstart units to restore service to nonblackstart
generating units and for these nonblackstart units to then
return to service quickly.

Utililes vary greatly in their treatment of blackstart. This
range does not appear to be based on actual differences in
system vulnerability or requirements. Geographically adjacent
utilities often take very different approaches, suggesting that
the key factor in designing a blackstart plan is the judgment
and experience of those involved rather than probabiiistic
analyses of system failures,

COST COMPONENTS

We identified four types of costs associated with the provision
of blackstart: .

L] Costs associated with blackstart units themselves.
These include capital costs, testing costs, training
costs, equipment damage costs. and fuel pius tabor
¢osts during actual blackstart operations.

a Transmission-system costs, including capital costs
(telecommunications, synchronization capability,
controls, emergency power for circuit breakers and
facilities. etc.), planning and engineering costs,

--Combustionturbines and- nﬁemai-eembusﬂen—engme-dnw——&mmngeests—anﬂaemm&eesﬁ during-an-actual .. . .

event.

= System-control costs, including capital costs (e.g.,
telecommunications, computers, and emergency-
power systems) and operating costs for planning,
testing, and training,

u Costs at nonblackstart power plants to enable them
to restart quickly once offsite power is restored as
well as equipment-damage costs (e.g., damage to the
turbine because of operation at frequencies too far
from 60 Hz) incurred during an actual event that
results from returning 1o service too gquickly.

Obtaining estimates for these costs was difficult. Utdlities
have not accounted for these costs in an easily accessible
fashion. It is also difficult to unambiguously assign svstem-
operator and transmussion-system COsts to system blackstart.
The utilities felt that system-blackstart requirements do not
influence personnel requirements at the control center. While
many people are required in the field to verify conditions and
perform operations, these people are already employed by the
utility. It is also hard to pin down control-center or
transmission-system capital costs that can be attributed to
blackstart requirements. Emergency power for the control
center, for example, is required in case the control center’s
primary power supply is disabied. This could happen (and is
most likely to happen) even if the rest of the power system is
viable. The same is true for backup power supply for the rest
of the system. Communications and control systems must be
redundant and survive even if their primary power supply is
disabled. Transmission circuit breakers must be capable of a
limited number of operating cycles (typically open—closcd-
open) without external power support. None of these costs is
incurred exclusively for system blackstart. Only a few costs,
such as providing synchronizing capabilities at selected
locations on the transmission system. can be artributed solely
to system blackstar.

Costs associated with providing blackstart capability to
generators are conceptually easier to identify and associate
with the blackstart requirement. Still, we were not able o0
obtain many cost figures because generally utilities do not
track these costs. Cosis associated with nonblackstart
generators retumning to service are even more elusive,
although no less real.
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Houston Lighting and Power estimated that provision for
blackstart capability might add $1 million to a $100 million
fossil plant. Annual increased labor cost is modest as well,
perhaps $0.1 million. It blackstarts one unit a year using 30
to 40 people to gain experience. Southern estimated the cost
of adding blackstart capability to a $25 million, 80-MW
combustion tarbine at $0.1 mllion

oo CHRRENT STANDARDS———equipped;how-to-determine-this; or how-quickly blackstart-

NERC (1997b) delineates required actions invarious policies.
System restoration from a blackout condition is addressed in
Policy 5E: Emergency Operations - System Restoration and
in Policy 6D: Operations Planning - System Restoration.
Policy 3E specifies the following:

After a system collapse, restoration shall
begin when it can proceed in an orderly
and secure manner. Systems and control
areas shall coordinate their restoration
actions. Restoration priority shall be given
to the station supply -of power plants and
the transmission system. Even though the
restoration is to be expeditious, system
operators shall avoid premature action to
prevent a re-collapse of the system.
Customer load shall be restored as
generation and transmission equipment
becomes available, recognizing that load
and generation must remain in balance at
normal frequency as the system is restored.

Policy 6D requires “each system {to] develop and periodically
update a logical plan to reestablish its electric system ... . A
reliable and adequate source of startup power for generating
units shal be provided. ... Generation restoration steps shall
be verified by actual testing whenever possible. ... System
restoration procedures shall be verified by actual testing orby
simulation,”

NERC's (1997a) Planning Standards also address system
* blackstart (Section IVA) by, again, requiring “a coordinated
system blackstart capability plan” and requiring that
blackstart generators demonstrate their capability once every
five vears “through simulation or testing.”

NERC’s (1998) proposed Policy 10 improves upon the
existing NERC guidance by including requirements for
certifying and testing blackstart units themselves.
Unfortunately, the policy does notaddress any system control,
transmission system, or nonblackstart unit requirements. Nor
does it address training, simulation. or exercises.

While the guidance currently offered by NERC is helpful, it

may not be enough for a restructured industty where

competiive entities must be organized and act cooperatively
to address a system emergency. NERC offers little detail
concerning. ¢ither the required response that the service is
supposed to deliver or the resources that should be dedicated
w service pruvision NERC provides no specifics on the
number of generating units that should be blackstart

units should respond. It says nothing about how often the

system restoration plan should be tested or what should be -

included in such tests.
STANDARDS UNDER RESTRUCTURING

In a restructured electricity industry, it may be appropriate to
have separate standards for each of the four components of
system blackstart. Such standards could include the following
¢lements.

System Operator: The system operator will, at least once a
year, simulate system restoration using information on
blackstart generation, transmission. nonblackstart generation,
load. and the restoration plan. The regional security
coordinator will certify the restoration plan only if the
simulation demonstrates a high probability that restoration
will be successful. Simulations and training exercises will
include operating personnel from system operations,
transmission operations, blackstart generators, and
nonblackstart generators. The exercise will be conducted in
the facilities the personnel wiil be working in during a
restoration using the communications equipment that will be

available during such a restoration. The entire restoration

plan will be simulated with each party reporting on actions
they would take in a restoration. A computer simulator will be
used to determine the expected response from the power
system to each action taken,

Transmission System: The system operator will certify the
transmission provider’s capability (personnel and equipment)
to support the blackstart plan. The transmission provider will
supply the control-arca operator with detailed information
concerning the transmission blackstart capabilities and
requirements of all equipment on the transmission system.
This information shall include: charging current, control
capability without support from the grid under manual and
automatic controi, communications capability with and
without grid support. personnel available for emergency
response to restore the system. and availability of
synchronization and other special equipment to restore the
system. Communications, metering, and control sy stems must
be capable of operating without support from the power
system with sufficient capability to support the system
blackstart restoration plan.
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Blackstart Generators: In addition to metering and
comumunications requirements, each blackstart generator will
undergo separat¢ stariing tests, line-energizing tests, and
load—carrying tests. The blackstant test, which will be
conducted at least twice a year, involves isolating the
generator from the power system, having the unit siart itsel{
within the agreed upon time of being directed to do so by the

_ system operator, and then remaining stable (both voltage and

Gaining the cooperation of all parties in preparing for and
executing the activities required to restore the power system
after a large-scale blackout is difficult because of the expense
imvolved. On a systemwide basis, system-blackstart costs are
surely quite low compared to total generation costs, but they
can be quite high for an individual generator. A combination
of techmical rquirements and econvmic meentives will be

needed to assure successful provision of the service.

frequency) for at least 30 minutes. The line-energizing test,
which will be conducted at least every three years, will
demonstrate the ability of the generstor to energize a
previously de-energized transmission line and to remain
stable for at least 30 minutes. The load-carrying test, which
will be conducted at least every six years, will demonstrate the
ability of the generator to pick up sufficient load at the remote
end of the isolated transmission system to demonstrate its
capability to supply this load for at least 30 minutes.

Nonblackstart Generators. Each nonblackstart generating
umit must prepare and submit to the system operator its
restoration plan. The restoration plan will assume that the
svstem failure was not the result of physical damage to or
failure of this generator. The plan must specify the amount of
time the generator requires, after the restoration of off-site
power. before it is capable of svnchronizing and picking up
lpad. The plan must specify the amount of off-site real and
reactive power required by each unit during the time it is
preparing to retum to service. The plan must specify the
capabilities and requirements of the nonblackstart generator
once it synchronizes to the grid including minimum load,
maximum load, ramp rate, and reactive capability range at
minimum and maximum load.

RESTRUCTURING

The lack of specificity in blackstart requirements presents a
fundamenta! problem under restructuring. This lack of
specificity, coupled with the need for multiple independent
partics (generators, transmission owners, and the system
operator) to work cooperatively makes it difficult to assign
responsibility for failure of the final result (rapid system
restoration). Hence, the current system of indirect regulatory
pressure is likely to be ineffective,

In April 1996, the U.S. Federal Energy Regulatory
Commission (FERC) issued its landmark Order No. 888
initiating restructuring of the electric power industry on a
national level, As part of its program to unbundle generation
from transmission, FERC required transmission providers o
offer six ancillary services to transmission customers. FERC
did not impose any requirements with respect to blackstart,
perhaps assuming that the cost to provide this service would
be incorporated in the basic transmission tariff. So little help
is provided here. :

The system operator could likely procure blackstart capability
competitively from generators. Technical restrictions
concerning unit capabilities {speed of response, control
capability, voliage control, etc) may limit the number of
suitable generators. Locational restrictions may further reduce
the number of units that can provide this service {¢.g., such
units must be electrically close enough to other units 10 be
useful in restarting them). But the predominant response from
the utilities we surveyed was that often encugh units meet (or
could meet) the technical requirements to allow formaticn of
a competitive market. Within reasomn. restoration plans could
be adjusted to accommodate changes in the location of
blackstart units,

To facilitate competitive procurement of blackstart services
from generators, system operators would have to be explicit
about the services such units are required to provide. This
requitement would include the speed of response. minimum
and maximum real and reactive capabilities, and ability to
control frequency and voltage. It would also require that the
system operator know what resources will be required at each
location. The competitive assessment would evaluate
technical feasibility, capital costs, testing costs, and costs
during actual use of the service.

System-operator and transmission-system costs related to
system blackstart, on the other hand, should be dealt with as
are other system-operator and transmission-system costs.
They will likely require FERC review to assure that they are
prudent and can be recovered in regulated rates.

Individual nonblackstart generators may affect the cost of
blackstart in two ways. First, the amount of offsite power
required to restart units and the speed with which that power
must be restored may differ. Second, generators may differin
the time it takes to return 1o service and begin supporting the
power system once offsite poweris restored. These differences
can be a result of the generating technology employed as well
as commercial considerations. Larger units, for example,
require more power to restart. Consequently, blackstart units
have to be larger. Other gencrating units may impose
additional system-blackstart requirements. The location and
controllability of nonblackstart units affect their value when
restoring the system. How quickly off-site power has to be
restored to other generators to avoid damaging the unit and
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—...—Nonblackstart generators could be_required—to-re:

greatly delaying the unit’s ability to return to service may also
differ. Compensating nonblackstart units for their costs
associated with supporting system restoration could be
difficult. Alternatively, provision of blackstart capability
could be a requirement for connecting to the grid. We found
little evidence that this cost differentiation has been
recognized or is being addressed.

service within a specified time after the system restores offsite
power to them. This amount of time would depend on how
long it takes the system to restore offsite power, recognizing
that a generator will be in progressively worse condition the
longer it remains without offsite power to operate auxiliaries
and/or as the unit cools. Additional time may be required to
restart each subsequent unit at a generating plant.

This type of specificity, which recognizes unit capabilities and
svstem needs, is required in moving to a competitive
environment. Since restoration events are very rare, eConormic
incentives might not be sufficient in motivating response from
the nonblackstart units. Simple requirements with strong
penalties for failure to comply might be better. The incentives
or penalties should recognize the benefit that the system
receives from units that are inherently capable of fast and
flexible response. This recognition could be accomplished
through a combination of charges for system restoration at
rates that reflect the burden or benefit the individual
generator places on the system during restoration coupled
with response requirements when the service is required.

CONCLUSIONS

While system blackstart is conceptually well understood and
universally. acknowledged to be imponant, its detailed
requirements are difficult to pin down. For the system to
require blackstart, something went badly wrong, It is difficult
to quantify expected results from the blackstart service
without prior knowledge of what will go wrong. Still, this
does not explain the diversity among utility blackstart plans.
The current system of indirect regulatory pressure on
vertically integrated utilities will not work in a restructured
environment. NERC’s technical guidelines fall short as well,

Competitive markets could develop for blackstart capability.
Reliability requirements restrict the locations and capability
requirements for individual blackstart generators. However,
if there are enough generators located so that they can provide
the blackstart service, the competition among them may be
enough to aliow markets to determine the prices of this
service. The control-area operator is the only buyer because
it is responsible for determining how much of the resources
to acquire and how to deploy them. The system-contrel and
transmission portions of system blackstart cannotbe provided

S

competitively. These services. by definition, can be provided
only by the monopoly entities that manage and operate
control areas,

FERC views system blackstant namowly, focusing on the
ability of some generating units to self start. FERC apparently
did not consider the transmission-system and system-control
actwmes assomated wnh this servxce More 1mportant FERC

the service or on transrmssmn customers to pay for it. And
NERC’s standards for this service lack specificity; they do not
address the need for nonblackstart generators to aggressw ely
suppoit system restoration.

Possible ways to ensure continued provision of this essential
service ina restructured electricity industry include (1) NERC
developing more specific planning, testing, and operating
standards for this service; (2) FERC recognizing system-
blackstart as distinct from generator-blackstart capability: (3)
FERC requiring transmission providers to offer and
transmission customers to purchase this service: and (4)
Providing the system operator with the authority to ensure
that blackstart and nonblackstart generators, transmission
owners, and the system operator itself provide and coordinate
this service, which will require both technical requirements
and economic incentives for generators and transmission
providers.
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LOAD ASARESOURCEIN -
PROVIDING ANCILLARY SERVICES

BRENDAN KIRBY and ERIC HIRST
Qak Ridge National Laboratory
and
Consultants in Electric-Industry Restructuring
Oak Ridge, Tennessce

Mostofthe commercially importantancillary services involve
maintaining or restoring the generation and load real-power
balance aver varying time frames. Traditionally utilities have
addressed this problem almost exclusively by controlling
geaeration. It does not have to be this way, however. The
important concept is to balance load and generation, which
can be done using either side of the equation. Controlling load
may be the single largestuntapped resource currentiy available
to the electricity industry. Restructuring is beginning to
provide the framework within which this resource could be
exploited. Several obstacles exist (primarily related to
aggregation, communications, and economic incentives) but
technical and commercial solutions to these problems exist,

WHICH SERVICES MIGHT LOADS SELL?

Table t presents the 12 ancillary services commonly discussed

fHirst and Kirby 1998). Clearly loads witl not sell System
Control, System Black Start, or Dynamic Scheduling. Energy
Imbalance and Real-Power-Losses are primarily accounting
services with the required physical energy and capacity
coming from other services. Reactive Supply and Voltage
Control from Generation and Network Stability are also
services that loads are not likely to have the resources to
supply (though if they do they shouid be encouraged to
participate).

The five remaining services {Regulation, Load Following,
Frequency Responsive Spinning Reserve, Supplemental
Reserve, and Backup Supply Plan) deal with maintaining or
restoring the real-energy balance between generators and
loads. These services are characterized by the required
response time, the response duration, and the communications
and control required to facilitate the service. Figure [ shows

_ the required response for the five energy balancing functions.

Because regulation requires continuous adjustment of real
power transfers between the resource and the system it is
unlikely that many loads will be capable of delivering that
service at this time. (Water-pumping oad, such as municipal-
water and irngation systems. may be a possible exception if
they use variable-speed drives for their pumps.) The
centingency reserves are especially amenable to being
provided by loads. Load following could be provided by loads
directly or through the use of a spot market price response on
a shorter time frame than 1 hour.

————Reactive Supply-and-Voltage-Control from—

Table 1. Key Ancillary Services and their definitions

ncad

System Control; Control-area aperator reliability and
commercial functions

Generation: Injection and absorption of reactive power
from generators to control transmission voltages

Regulation: Maintenance of the minute-to-minute
generation/load balance to meet CPS 1 and 2

Load Following: Maintenance of the hour-to-hour
generation/load balance

Frequency Responsive Spinning Reserve: Immediate
(10-second) response to conungencies and frequency
deviations

Supplemental Reserve: response to restore
generation/load balance within 10 minutes of a
generation or transmission contingency

Backup Supply Plan: Customer plan to restore system
contingency reserves within 30 minutes if the customer’s
primary supply is disabled

Real-Power-Loss Replacement: Compensation for
rransmission-system losses

Energy Imbalance: Accounting for the hourly
discrepance between scheduled and acwal transactions

Dynamic Scheduling: Real-time metering, telemetering.
and computer software and hardware to electronically
transfer some or all of a generator’s output or a
customer’s load from one control area to another

Network Stability: Use of fast-response equipment 10
maintain a secure {rapsmission system

System Black Start: The capability to start generation
and restore all or a major portion of the power system to
service without support from the outside after a total
collapse

The same types of resurictions apply to loads supplying
anciltary services that apply to generators supplying the same
services. For a generator 1o supply contingency reserves it
must have capacity available to respond to the contingency.
The generator cannot be operating at full load. Similarly, a
customer selling contingency reserves must have capacity it
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Fig. 1. Ancillary service dynamies.
canunload when the contingency occurs. The customer cannot
already be at minimum load.

WHY UTILIZE LOAD AS A RESOURCE?

There are several reasons that loads should be encouraged to
seil ancillary services. FERC iseacouraging open competitive
markets for generation. FERC ordered the unbundling of
ancillary services to promote ¢ompetitive markets, which
should improve economic efficiency and lower electricity
prices. These markets should be open to any technology
capable of providing the service, not justto generators, which
will expand suppiies and reduce horizontal-market-power
problems.

Beyond the argument of fairness, having loads participate as
suppliers, as well as consumers, of electricity services
improves resource utilization. Ancillary services consume
generating capacity. When loads provide these reserves,
generating capacity is freed up to do what it was designed for,
i.e., generate electricity.

Loads will probably respond more quickly to control-center
requests than large generators because the load response is
composed of many small resources. This will likely more than
overcome the communications and control delays associated
with their greater numbers.

Loads should also be a more reliable supplier of ancillary
services than conventional generators. Because each load will
generally be supplying a smaller fraction of the total system
requirement for each service, the failure of a single resource
is less important. Just as a system with ten 100-MW power
plants requires iess contingency reserves than one with a
single 1000-MW plant so 100 a system that utilizes a large
aggregation of loads as a resource to supply reserves will
require less redundancy in the basic resource than one that
carries ali of its reserves on a few large generators. There can

still be common-mode failures in the facilities of the
aggregator but it is easier and cheaper to install redundancy in
this portion of the system than with an entire 1000-MW plant.

PROVISION OF INDIVIDUAL SERVICES

In alt cases the owner of 2 leag. in cocperation with an
aggregator and the system operator, would determine the

ion-oftheload which could providethe service Metering,

communications, and control requirements would then be
established.

Looking first at the services required to restore che
generation/load balance after a contingency Supplemental
Reserve is a likely candidate for many loads. The resource
must fully respond within 10 minutes of the contingency.”
Response must be maintained for an additional 20 minutes,
i.e., until 30 minutes after the contingency. This 15 a short
interruption chat many cusiomers may find accepable.
Candidates include water pumping, building temperature
control, water heaters, and air compressors. Anything that
inherently has some storage in the process, or any process for
which storage can be readily added is a good candidate.

The system operator takes some o f the 10 minutes to reg
the contingency and to call for response. The aggre
communications process will also consume some tim
leaves a few minutes for the load itself co respond.

Obviously, the load itseif must be consuming power for it (o
curtail consumption during the contingency. Many candidate
loads cycle as they provide service {e.g.. hot water heaters),
Since individual loads do not cycle together, the aggregation
will always have some load available for curtailment. The
aggregation has to be accurately characterized to know how
much operating teserve is available at any time. Individual
loads also have to be controlled after the reserve is released to
prevent them from all returning to service simultaneously.

Frequency Responsive Spinning Reserve is both easier and
more difficult for loads to provide. Because the service
responds to system frequency, each load has the triggering
signal available at all times. The service only has w0 be
provided until it is replaced by Supplemental Reserve. 10
minutes, creating a shotter interruption. Full response is
required within 10 seconds, however, which may make it
harder for some loads t provide. A typical generator droop
characteristic could be created by having each load in an
aggregation respond at slightly different frequencies.

*Specific timing requirements for each service vary from
region to region. The requirements referenced here are from NERC
(1998) Draft Policy 10.
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Frequency Responsive and Supplemental Reserves restore the
system’'s generation/load balance and maintain it for 30
minutes. Thirty minutes after a contingency occurs the
customer that was receiving the [ost generation is responsible
for making other arrangements or curtailing its load. The
Backup Supply Plan is a pre-arrangement that tells the system
operator how to proceed for each load’s loss of primary
supply. Some loads may find it attractive to provide Backup

for communications and for the curtailing load to take actions
to reduce its 0Wn costs.

Loads may also wish to participate in maintaining the
generationand load balance during normal operations, though
this seems less likely. A load or aggregation of ioads could
provide Load Following by cycling their daily operations in
response to direct MW commands from the system operator or
by responding to short-term price signals (Hirst and Kirby
1997).

Regulation is the least likely of the generation/load balancing
services to be provided by load. It is possible, however, that
loads with variable speed drives (e.g.. water pumping) could
accept automatic-generation contrel signals from the system
operator. Municipal water pumping accounts for
approximately 1% of elecuicity consumption nationally,
providing a potentially sigdificant scurce of load-based
regulation or other ancillary services.

PAST USE OF LOAD CONTROL

Load control has been and is currently used in a number of
locations {NERC (1997b) Operating Manuall, Some
implementations have been successful but the idea has not
been universally adopted. This is at least partty because of
traditional rate structures, which pravide little flexibility to
customers. The customer must agree up front to be subject to
utility control, usually for a year or more. There is no ability
1o enter and leave the market as the customer’s economic
conditions change. The customer often gets paid a flat fee
independent of how or if the resource is actually used. This
provides little flexibility for the load and litle incentive to
actually perform.

Similarly, the costof peaking generation or peak reserves are
typically spread over an entire season or year. Charges {both
operating and capital) are notassigned exclusively to the hours
when the generation or reserves are required. Assigning the
¢osts 1o the hours when they are needed would result in much
higher prices for those services during specific hours (and
lower prices at other times). Under either good economic
tegulation or a truly competitive market, the result would be
the same total revenue collection (that required to pay for the
resource). Providing a price signal that accurately reflects the

real-time cost to provide the service will encourage all
suppliers, loads and generators, o offer supply when it is
needed most.

SUPPLIER CONTROL OF ITS FACILITY

While automatic deployment is necessary when selling some
reserves, itis often important to allow the load to decide when

~Supply forvther toads The 30-miwute warning provides time—{twitt-participate-and—when it witl-not—fust-as—the-price of -

hourly energy and each of the ancillary services vary, so do
customer ecenomics. For many customers there are times
when less fiexibility exists and the load cannot be interrupred
without high costs being incurred. These times are often
independent of anything happening on the power system and
are therefore unrelated to the price of the service. For the right
price, aresidential customer mightbe willing to automatically
curtail air-conditioning use for 30 minutes 0 supply
contingency reserves, forexample. This same customer would
probably be unwilling to curtail use at any price on the
evening when he washolding adinnerparty, however. Similar
restrictions might apply for an industrial customer such as a
continuous chemical processing plant while it is taking a
monthly inventory and needs a stable process. In both cases
the customer choice notto participate is unrelated to the utitity
economics; neither foad is tying to avoid providing the
service when it is highest in value. In fact. the chemical plane
may intentionally select times for its inventory when the
powersystem is notstressed, such as at night or on weekends.
It would do this not because of a concern forthe powersystem
but because that may be a time when the chemical process is
stable as well due 1o reduced activity at the chemical plant.

The utility needs information about which loads will be
supplying services ahead of time. The load must declare that
it is available before it enters or leaves the market. Perhaps
this declaration would be one day in advance for the following
24 hours. Both the utility and the load will need the ability o
change the availability on shorter notice, perhaps with
economic consequences. A load that experiences technical
difficulties and is suddenly incapable of supplying the service
must be able to leave the market. Conversely, if the power
system finds itself unexpectedly short of reserves it will need
to be able to call for additional reserves quickly. perhaps by
rasing the current price. Indeed, this is how the day-ahead,
hour-ahead and real-time markets are intended to operate in
Califarnia’s competitive bulk-power system.

It is critical to avoid providing an incentive for a resource
(either load or generation) to declare itself available when it is
not {as is done in the United Kingdom). Equipment failuzes
are inevitable but service providers should have an incentive
to0 maintain the reiiability of their resources, They should
never find it profitable to sell a service that they know they
cannot deliver.
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TRADING CERTIFICATION FOR METERING

Mostofthe generators on a typical powersystem are relatively

large and expensive. It is reasonable for the system operator

to monitor unit output and bus voltage every 2 to 8 seconds.

The amount of data and the expense per MW are both

reasonable. When the operator calls forresponse the response
can be monitored in real time.

CUSTOMER ECONOMICS

[n competitive bulk-power markets, customers will have many
choices with respect to their use of electricity and their
payment for electricity services. In the context of this
discussion, they can choose to participate in hourly markets
and face spot prices that can vary widely in response to
supply/demand relationships. Alternatively, they can sell

Providing the same information from hundreds or thousands
of individual resources would be prohibitively expensive and
would provide an overwhelming amount of data that could not
be managed in real time. An alternative to real-time
monitoring of each individual resource exists. Loads could be
certified, either individually or in aggregation, for the
provision of each anciliary service. Certification would consist
of exercising the resource under controlled conditions to
determine the reliable response (NERC 1998). Testing of the
conrnngency reserves, for example, would not be announced
to the resource, The response would be measured on control-
area metering. Periodic tesiing would monitor continued
capability. Recording meters at each resource could also be
audited to verify performance for both actual events and tests.

AGGREGATION AND COMMUNICATION

The major objection often voiced to cusiomer supply of
ancillary services is that the system operator cannot deal with
the large number of individual resources and that the
communications requirements would be overwhelming. These
are valid concerns butones thatcan be addressed. Aggregators
can provide a genuinely valuable function here. By handling
the communications with a large number of loads they can
present the system operator with a single point of contact for
a reasonable amount of capacity, similar to the sysiem
operator’s interface with generating resources. They can also
be an interpreter between the electrical system and customers.
The system operator is not interested in fearning the details
and concerns of each customer. Similarly, customers are in
businesses of their own and have neither the time nor the
interestin learning allaboutthe powersystem. The aggregator
can bridge this gap, creating a valuable resource in the
process.

Communications are inherently different with an aggregation
of resources than with a siagle entity. As mentioned above, it
is not currently practical to collect data from thousands of
individual loads every 2 to 8 seconds. It is practical, however,
to send instructions to those loads as fast as necessary. Thatis
because it is the same signal going to large groups of the
loads. That signal could be “deploy now” or it could be “the
current price for response is 3X".

reserve services (options) w5 diseussed above. Decisionson—
whether to participate in spot markets or sell reserves will be
based on the custemer’s flexibility in modifying its electricity
use (in particular, its fixed and variable costs 1o modify its
electricity use in real time), the prices of energy and reserve’
services, and the frequency with which ocutages occur.

For example, higher reserve prices and less frequent outages
will lead customers to sell reserve services. forgoing
opportunities to reduce consumption at times of high spot
electricity prices. Onthe otherhand, increasing flexibifity (1.e.,
declining cost) in modifying electricity use will lead 1o more
decisions to participate in spot energy markecs.

CONCLUSIONS

Loads can provide several of the energy-balancing ancitlary
services. They should be encouraged to do so because of the
reliability and commercial benefits provided by expanded
supplies of these resources. Artificial barriers to the entry of
customers into these markets should be removed. The
customers themselves will have to determine their economic
costs and benefits to sec if and when they will participate.
Loads must be given the flexibility to respond to their own
eCOROMIc constraints.

Technical problems associated with the need to aggregate
many individual loads to achieve a resource of sufficient size
to be useful can be overcome. This may be one of the areas
where load aggregators can play a genuinely useful role. An
aggregator can relieve the system operator of the burden of
dealing with an excessive number of individual resources
while still providing the required response. Similarly, the high
communications burden associated with a large number of
resources can be alleviated by broadcasting control signals to
the resources. Rigorous certification, coupled with post-event
meter audits, can substitute for real-time monitoring of each
resource.
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SUMMARY

Incompetitive electricity markets, the costs foreach ancillary service should be charged
to those who cause the costs to be incurred with charges based on the factors that contribute to
these costs. Forexample, the amount of generating capacity assigned to the regulation service
is a function of the short-term volatility of system load. Therefore, the charges for regulation
should be related to the volatility of each load, not to its average demand.

This report discusses the economic efficiency and equity benefits of assessing charges
on the basis of customer-specific costs (rather than the traditional billing determinants, MWh
or MW), focusing on two key real-power ancillary services, regulation and load following. We
determine the extent to which individual customers and groups of customers contribute to the
system’s generation requirements for these two services. In particular, we analyze load data to
determine whether some customers account for shares of these two services that differ
substantially from their shares of total electricity consumption.

We defined and applied metrics for regulation and load following. For regulation, we
chose the standard deviation (MW) of the thirty 2-minute values in each hour. For load
following (MW), we chose the difference between the maximum and minimum values of the
30-minute rolling-average load during each hour.

We also developed and applied methods to allocate these system-level metrics to
individual customers and to groups of customers. The regulation allocation method uses a
trigonometric refationship to correlate an individual customer’s regulation burden with the total
burden. The load-following allocation method calculates each customer’s share of the total
requirement on the basis of its coincident load-following requirement.

Application of these allocation methods shows that charging customers for these
ancillary services on the basis of average loads can be inequitable. For one control area, a few
large industrial customers account for 34% of system load, compared with 93% of the
regulation and 58% of the load-following requirements (Fig. S-1). These customers
disproportionately use these services but, in general, are notpaying their fair share undertypical
utility tariffs. The subsidies inherent in today’s ancillary-service pricing methods cannot, and
should not, be sustained. Indeed, industrial customers with near-time-invariant loads, such as
aluminum smelters and paper mills, will justifiably claim they require none of these services
and, therefore, should not have to pay for them.
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several large industrial customers for 12 days in February 1999, Note that these

the nonindustrial customers were reducing the requirements for these services.
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CHAPTER 1

INTRODUCTION

In its recent Notice of Proposed Rulemaking, the Federal Energy Regulatory
Commission (FERC 1999) wrote, “The Commission believes that, whenever itis economicaily
feasible, it is important for the RTO [regional transmission organization] to provide accurate
price signals that reflect the costs of supplying ancillary services to particular customers.”
Earlier, FERC (1996) wrote in its Order 888. “Because customers that take similar amounts of
transmission service may require different amounts of some ancillary services, bundling these
services with basic transmission service would resultin some customers having to take and pay
for more or less of an ancillary service than they use. For these reasons. the Commission
concludes that the six required ancillary services should not be bundied with transmission
service.”

Recognizing the economic efficiency and equity benefits of assessing charges on the
basis of customer-specific costs, we investigated the requirements for two key ancillary
services, regulation and load following. We determined the extent to which individual
customers and subgroups of customers contribute to the system’s generation requirements for
these two services, in particular whether some customers account for shares of these two
services that differ substantially from their shares of total electricity consumption.

Theremainder of this section defines these two ancillary services and explains how they
differ from each other. Chapter 2 describes the data we obtained, the quality-control checks we
applied to the data, and our data conversions to separate system-level regulation from load-
following requirements. Chapters 3 and 4 present (1) the methods-we developed to create
system and customer-specific meirics forregulation (Chapter 3} and load following (Chapter4)
and (2) the tesults obtained with these methods. Chapter 5 presents our conclusions,

Because electricity is areal-time product, control-area operators must adjust generation
to meetload onaminute-to-minute basis. As the electricity industry becomes deintegrated, with
competitive generation separated from regulated transmission and system control, defining the
requirements and responsibilities to meet time-varying customer loads is increasingly
important. Regulation and load following are the two key ancillary services required to perform
this function. (Energy imbalance is, depending on one’s definition, either the service or the
accounting function that corrects for hourly errors in the provision of energy and the other two
services.)

Loads can be decomposed into three elements (Fig. 1). The firstelement is the average
load (base) during the scheduling period, 85 MW over the one hour shown in this case. The
second element is the trend (ramp) daring the hour and from hour to hour (the morning pickup

10
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Fig. 1. Components of a hypothetical load on a weekday morning,

in this case); here that element increases from -5 MW at7 a.m.to +9 MW at 8 a.m. The third
elementisthe rapid fluctuations in load around the underlying trend; here the fluctuations range

over+2 MW. Combined, the three elements yield a load thatranges from 78 to 96 MW during
this hour.

The system responses to the second and third components are cailed load following and
regulation. These two services (plus, perhaps, energy imbalance) ensure that, under normal
operating conditions, a control area is able to balance generation to load. The two services are
briefly defined below [see also FERC (1996), Hirst and Kirby (1998), and Interconnected
Operations Services Working Group (1997)]:

= Regulation is the use of online generating units that are equipped with automatic
generation control (AGC) and that can change outputquickly (M W/minute) to track the
moment-to-moment fluctuations in customer loads and to correct for the unintended
fluctuations in generation. In so doing, regulation helps to maintain interconnection
frequency, manage differences between actual and scheduled power flows between
control areas, and match generation to load within the control area. This service can be
provided by any appropriately equipped generator that is connected to the grid and
etectrically close enough to the local control area that physical and economic
transmission limitations do not prevent the importation of this power.

[ 8]
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n Load following is the use of online generation equipment to track the intra- and inter-
hour changes in customer loads. Load following differs from regulation in three
important respects. First, it occurs over longer time intervals than does regulation, 10
minutes or more rather than minute to minute. Second, the load-following patterns of
individual customers are highly correlated with each other, whereas the regulation

————pattcrns—afe-lafge’ry—tmeeﬂe%ated ‘Third{oad-foHewing-changes-are-oftenpredictable-—— -

(e.g., because of the weather dependence of many loads) and have similar day-to-day
patterns. Even when not predictable by the control-area operator, the customer can
inform the control center of impending changes in its electricity use.

FERC (1996),inits Order 888, which defined six ancillary services, did notdiscuss load
following. Perhaps because of this omission, most utilities and independent system operators
(ISOs) do notinclude load following in their tariffs.” The absence of this service requires the
California ISO to acquire much more regulation {(as well as other services, such as replacement
reserves and supplemental energy) than it otherwise would (Wolak, Nordhaus, and Shapiro
1998). Specifically, the California ISO buys regulation in amounts equivalent to about 5% of
daily load, compared with about 1% for most utilities. Thus, the ISO is substituting an
expensive service (regulation) for an inexpensive one (load following). Perhaps because of
these problems, FERC (1999), in its notice on RTOs, proposed to require RTOs to operate real-
time balancing markets. The primary resource for these markets is generators that can change
output every five or ten minutes (l.e., to follow load).

‘The Mountain West Independent Scheduling Administrator in Nevada is the only U.S. entity we
know of that has proposed to create an explicit load-following service (FERC Docket No. ER99-3719-000,
July 23, 1999). Most utilities provide load following through the §- or 10-minute economic dispatch of their
generating units.

1



CHAPTER 2

DATA

We obtained 30-second data from a control-area operator on generation and load fora
12-day period in February 1999, a total of 34,560 observations.” For each 30-second interval,
the data included total generation, net imports, total load, and the loads for several individual
industrial customers. These large industrial customers include, among others, steel miils, oil
refineries,and air-separation facilities. Forconfidentiality reasons, we scaled all the data shown
here. '

We summed the industrial loads to create a subgroup that we called industrial load. We
called the difference between total load and industrial load nonindustrial load. Figure 2 shows
the hourly loads for five days (Wednesday through Sunday). The total and nonindustrial loads
show the expected winter patterns with morning and evening peaks, and with lower loads (by
about 10%) on the weekends. The industrial load, on the other hand, is relatively constant from
hourto hour. [ts coefficient of variation (ratio of standard deviation to mean) is about haif that
of the nonindustrial load.-

DATA QUALITY

This data setincludes almost 3 million elements. Given its large size, it'is not surprising

‘that we found several anomalies in the raw data. Overall, one record is missing every three

hours. The analysis software we developed for this project does not require all the data for a
particular period to be present. We used linear interpolation to impute the missing data.

Another type of data anomaly was harder to recognize. We found 12 cases where one
or more industrial toads rise for a single reading without a corresponding rise in the total load.
For these load changes to be real, a simultaneous drop would have to occur in nonindusirial
load for that single time step. We deleted five data points as being clearly impossible. We
dropped three points because the controi-area operator data-collection system identified
problems at those times. We deleted one record because multiple industrial loads spiked
simultaneously with no corresponding spike in the total load.

Failure to eliminate bad data results in errors in the analysis. Spikes in the data show up
as abnormally high regulation requirements (high hourly standard deviation of the short-term

"We obtained and analyzed comparable data fora 12-day period in Augustand September 1999. We
do not report these late-summer results because they are so close to those reported here for February.
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Fig. 2. Hourly system load, nonindustrial lead, and industrial load (the sum of

several large industrial loads) for five days.

fluctuations) for one or more of the loads. To facilitate analysis, the software performs several
data checks. Total generation is compared with the sum of the individual generator outputs and
the difference is reported if the imbalance exceeds 10 MW. Reported and calculated area
control error (ACE) is reported if the difference exceeds 10 MW. Spikes in industrial load not
reflected in total load are reported if they exceed 100 MW . These anomalies are recorded by
the software so thatthe specific data points can be examined for possible elimination. Dropping
too many data points runs the risk of eliminating interesting and important events. We
identified questionable data in fewer than 0.1% of the 34,560 records.

TEMPORAL AGGREGATION FOR REGULATION

Assessing the individual customer contribution to the overall regulation requirement
necessarily involves generation performance. A control area is notexpected to perfectly match
generation and load instantaneously. Rather, generation maiches load with some time lag, and,
therefore, generation matches load only approximately. The North American Electric
Reliability Council (NERC 1999) Control Performance Standards (CPS) | and 2 set statistical
limits on the allowable differences between one-minute averages of the coatrol area’s
~ difference between aggregated generation and interchange schedules relative to load (ie.,
ACE). The cost of regulation is a function of the opportunity and operating costs of the
generation capacity used to provide regulation. The control-area operator studied here is
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satisfied with its CPS performance. It meets NERC requirements without wasting money by
overcompliance.

Although the AGC systems at most utility control centers send raise and lower pulses

_to individual generators as frequently as every two or four seconds, generators do not follow
such short-term load fluctuations. Our prior work (Hirst and Kirby 1996) suggesis that

generation follows load at the one- to two-minute interval.

We began this portion of the analysis with the 30-second data on generation and load
regulation for the full 12 days. Regulation is here quantified as the difference between total load
(generation) and the 30-minute rolling average of load (generation). We aggregated these 30-
second data to create three additional datasets with 60-, 120-, and 240-second averages of the
original data.

Figures 3 and 4 show, forone hour, the relationship between the regulation components
of load and generation. The first graph shows that load fluctuates rapidly and substantially
around its rolling average, whereas generation moves much more slowly and with a much
smaller amplitude. In going from 30- to 60- to 120- to 240-second averages, the generation
patterns are largely unchanged, but the load patterns become much smoother. smaller in
amplitude. and slower moving. The ratios of the standard deviation of generation to the
standard deviation of load increase from 0.45 for 30-second averages t0 0.5,0.6, and 0.7 with
60-, 120-, and 240-second averages. Note that even with 4-minute averages, load volatility
remains 40% higher than generation volatility. A close look at the graphs showing 2- and 4-
minute averages suggests that generation lags load by at least two minutes (Fig. 4).

These visual observations are confirmed by statistical analysis. We calculated
correlation coefficients between generation and load for each of the four datasets for each of
the [2 days. We then repeated these analyses by lagging generation 1, 2, ... , 12 time periods
from load (Fig. §5). The correlation between generation and load increases in going from 30-
second averages to 4-minute averages. The correlation between lagged generation and load is
highest for a fag of 3 to 4 minutes.

Finally, we ranregression models of generation as a function of current and prior-period
loads with 30-, 60-, and 120-second data. The models all have high explanatory power (the R*
values are all about 0.7). The models all show that current load is a poor predictor of current
generation. (Remember, we are discussing here only the fluctuations in generation and load
about their 30-minute rolling averages, not the totals.) Load has a statistically significant effect
on generation between | and 9 minutes.

We found these results surprising. We had expected to find that 30 seconds was too
short a time-averaging period and that the appropriate period would fall between | and 2
minutes because CPS, the performance metric for the control area, is based on l-minute
averages. These results suggestthat4 minutes may be more appropriate. Although the data and
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Fig.s. Correlation coefficient between generation and load regulation asa function

of the time-averaging period (30 seconds to four minutes) and the lag
between load and generation.

analysis suggest a 4-minute time-averaging period, we chose a 2-minute period because this

is a conservative approach (i.e., it preserves more information) and it is consistent with the

results of our analysis of regulation data for two other utilities.
TIME-AVERAGING PERIOD

There is no hard-and-fast rule to define the temporal boundary between regulation and
load following. If the time chosen for the split is too short (e.g., five minutes), too much of the
fluctuations will appear as load following and not enough as regulation. If the boundary is too
long (e.g.. 60 minutes), too much of the fluctuations will show up as regulation and notenough
as load following. But in each case, the total is unchanged and is captured by one or the other
of these two services.

We used rolling averages to define the boundary between the two services.” We tested
20-,30-,40-,50-,and 60-minute rolling averages with 2-minute data. Forthe 30-minute rolling

‘The use of arolling average to separate regulation from load following is an analytical convenience,
not possible n real time. System operators instead use sophisticated analytical methods to forecast loads for
the next few hours, based on cucrent and expected weather coaditions, prior loads, and other factors.
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average, as an example, we calculated the rolling average for each 2-minute interval as the

mean value of the seven earlier values of the variable, the current value, and the subsequent
seven values:

Load following, = Load ;pnaeq = Mean (L, + L o+ ..+ L+ L, + ...+ L.,.),

Regulation, = Load, - Load__,... -

Selecting the appropriate rolling-average period to analyze load following depends on
the factors that affect generation costs, which are specific to the generators providing load
following. Several questions must be answered to determine the appropriate rolling-average
period. Does the predictability of load following reduce costs by enabling economic dispatch
for the units that provide load following? Are costs reduced for all slower movements or only
for predictable movements? What is the lead time required to enable load following?

We analyzed the impact of changing the rolling-average period. The top part of Fig. 6
shows a shift in load-following responsibility (but no similar shift in the regulation
responsibility) between the industrial and nonindustrial customers as the rolling-average period
changes from 20 to 60 minutes. As discussed in Chapter 3, we use the standard deviation of
regulation as the key metric for this service. For purposes of this comparison with load
following, we multiply the regulation standard deviation by 3, which captures 39% of its
variation.

We also compared the regulation and load-following magnitudes. The bottom part of
Fig.6 showsthatthe sum of totalload-following and regulation requirements remain relatively
constant, varying from 161 MW at 20 minutes to 156 MW at 60 minutes. Nonindustrial
regulation requirements remain constant, as well, at 7 MW . Nonindustrial load following rises
as the time-averaging period is extended, from 23 MW at 20 minutes to 31 MW at 60 minutes.
Lengthening the rolling-average period from 20 to 60 minutes shifts 22 MW of the industrial
variability from load following to regulation.

- Changing the rolling-average duration has two major impacts. Shortening the period
shifts the industrial variability from reguiation to load following and shifts load following from
the nonindustrial to the industrial customers. Selecting the correct rolling-average duration
should be based on a break point in the generation cost drivers to provide each service,
probably based on the costs of economic dispatch and the time required to implement it. For
this analysis we used a 30-minute rolling average.

Because this control-area operator is satisfied with its CPS performance, we do not deal

with the amount of each service that should be provided. This project deals only with the
allocarion among customers of the existing services and their costs.
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CHAPTER 3

REGULATION

SYSTEM-LEVEL METRICS

Selection of an appropriate metric for regulation should be based on the underlying cost
drivers to provide the service (i.e., the units that are on AGC). For example, if the costs are
dominated by ramp-:rate (M W/minute) considerations, then the speed of regulation units might
be a better metric than the amount of regulation capacity. In addition, the chosen metric should
be amenable to mathematical manipulation that permits definition of the relationships between
individual loads and the total load. In this project, we analyzed load data only: we did not
consider the types and costs of generating units used to provide the service. (We did, as
explained in Chapter 2, examine the dynamics. of generation vs loads.)

Weexamined four possible metrics forregulation, using the 2-minute regulation values
defined above:

n Standard deviation (MW) of the 30 values in each hour;
u Average of the absolute values (MW) of the 30 values in each hour;

» Average regulation rate (MW /minute), calculated as one-haif the average of the absolute
values of the 29 differences between adjacent regulation values; and

n Maximum regulation rate (MW /minute), calculated as one-half the maximum value of
the absolute values of the 29 differences between adjacent regulation values.

Table | summarizes the average, maximum, and minimum values of these four metrics for total
system load. Overall, regulation (as measured by the standard deviation) is 1.3% of total load.
The two magnitude metrics (standard deviation and average of the absolute values) are highly
correlated with each other. These correlation coefficients are all above 0.95 for total load,
nonindustrial load, and industrial load. These very high correlations suggest that we need use
only one of these two magnitude factors; we chose the standard deviation.

‘We multiply the average by one half to convert from the 2-minute differences to t-minute
differences. This metric can also be calculated as the total path leagth (the sum of the absolute values of ail
the MW movements) during an hour divided by 60.

13



Table 1. Regulation metrics for system load for 12 days in February 1999 (288 hourly

observations)
Standard Average of Average rate Maximum rate
deviation (MW) absolute values (M W/minute) (MW /minute)
(MW) e
Average 31 25 14 : 41
Maximum 50 46 21 84
Minimum 16 13 8 18

On the other hand, the correlations between either of these two magnitude variables and
the average regulation speed variable are lower (0.7 for nonindustrial load and 0.6 for industrial
foad). These lower correlation coefficients suggestthat we may need two variables to accurately
capture regulation, a magunitude (MW) factor and a ramprate (MW/minute) factor. Without
information on the costs of regulation ramprate, we did not pursue this second metric.

Finally, the correlation coefficients between load itself and regulation are very low,
suggesting that load is a poor predictor of regulation requirements.

Figure 7 shows the hour-to-hour patterns in regulation magnitude for weekdays and
weekends. Figure 8 shows the variations from day to day in average regulation burden. These
graphs show that the industrial loads have much greater volatility than do the nonindustrial
loads. Indeed, as a share of total load, the industrial loads require about six times as much
regulation as do the nonindustrial loads,

CUSTOMER-SPECIFIC METRICS

Having established system-level metrics for regulation, we turn our attention to the
development of metrics for customer-specific assignment of the total regulation amount. This
customer allocation is especially important for utilities that have nonconforming loads (e.g.,
steel mills). '

Because regulation is the short, minute-to-minute fluctuations in load, the regulation
component of each customer’s load is largely uncorrelated with those of other customers. If
each customer’s load fluctuations (0,) is completely independent of the remainder of the system,
the total regulation requirement (6;) would equal

UT‘_"/-ZU:'2 ; , (1)

where i refers to an individual customer and T is the system total.

14
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In this idealized case, the share of regulation assigned to each customer would equal
Share; = (0/0,)°, _ (2)

and there would be no need to analyze interactions among customer loads in calculating the
total regulation burden.

If, on the other hand, the loads are completely correlated with each other [ie., the

correlation coefficient (r) between each pairof loads equals 1], the total regulation requirement
is the simple sum of the individual requirements:

Or=20;. _ 3)
[n this idealized case, the share of reguiation assigned to each customer would equal

Share,=o/o;. ' (4)

Table 2 shows the total regulation requirement and customer shares for two customers,

one with a standard deviation of 3 MW and the second with a standard deviation of 4 MW If
the two loads are independent of each other (r = 0), the total regulation requirementis 5 MW,
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If,however, the two loads are completely and positively correlated with each other (r = 1), the
total regulation requirement is 7 MW. Finally, if the two loads are completely and negatively
correlated with each other (r = - 1), the total reguiation requirementis { MW,

Table 2. Totalregulationrequirement.(and %-oftotal) fortwo.loadsasafunctionofthe

correlation between the two loads

Regulation amount (% share)

Load Standard deviation

Uncorrelated Positively Negatively
(MW) correlated correlated
! : 3 1.8 (36%) 3(43%) -3 (-300%)
2 4 3.2(64%) 4(57%) 4 (400%)
Total - 5 7 !

Figure 9 shows results from an analysis of data for 19 large industrial customers from
anothercontrolarea. As expected, the actual value of the totalregulation requirementis slightly
(9%) higher than the total calculated as if the loads were completely uncorrelated. Also as
expected, the actual value is much (63%) less than that caiculated as if the loads were
completely correlated. In this case, the loads exhibit a slight positive correlation with each
other.

Figure 10 shows geometrically the possible relationships between two loads (A and B)
and the total regulation requirement. (Each element conld be represented by its standard
deviation.) In the top panel, the two loads are uncorrelated, and the total regulation requirement
is the square root of the sum of the squares of the individual loads (Eq. 1). In the middle panel,
the same two loads are negatively correlated with each other, yielding a total regulation
requirement less than that shown in the top panel. The bottom panel illustrates a situation
opposite to that shown in the middle panel; in this case, the two loads are positively correlated
with each other, and the total regulation requirement is more than that shown in the top panel.

The question is how to allocate fairly the totalregulation requirementbetween these two
loads {and, by extension, among several loads). The allocation method should yield results that
are independent of any subaggregations. In other words, the assignment of regulation to load
L should not depend on whether L is billed for regulation independently of other loads or as
part of a group of loads. In addition, the allocation method should reward (pay) loads that
reduce the total regulation burden.” In the middle panel of Fig. 10, load A offsets some of the

*A third criterion for choosing an allocation method could be independence of the order in which
loads are added to the system. This objective overlaps with the first one discussed above.
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completely uncorrelated or were perfectly correlated.

regulation requirement of B, yielding a total requirement less than that of B alone; A should be
paid for its contribution to reducing regulation.

Figure 11 illustrates schematically the method that we developed for such allocations;
see the Appendix for details,” This method works for the two extreme situations discussed
above, when loads are either completely uncorrelated or perfectly correlated. More important,
this method yields reasonable results for the intermediate cases when loads are partially
correlated with each other. Consider two loads A and B and the Total, with the regulation
requirement of each based on the standard deviation of the short-term fluctuations. We propose
a geomefric approach to calculating the contribution of A to the Total, based on the projection
of A onto the Total (shown as X in Fig. 1 1):

X = (Total’ + A* - BH/(2 x Toral) . G

"Alternative methods can probably be applied to this problem, but they may not scale appropriately,
may not handle loads that are neither completely uncorrelated nor completely correlated with each other, and
may be sensitive to subaggregations. The final section of the Appendix describes an alternative approach that
we tested but found unsatisfactory.
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The contribution of B to the Total is then equal to Toral - X or
Total - X = (Total’ + B* - A®)/(2 x Totaly . ' (6)

‘ This method can be extended to three or more loads through disaggregation of the total
into various compounents. The only computational requirement is to calculate the standard
deviation of each componentand of each subtotal (total minus load i). Consider, as an example,
a utility that wants to assign regulation charges separately for the residential class, the
commercial class, five indusirial customers, and the remainder of the industrial class, eight
groups in all. The utility would calculate. for each hour, the standard deviation of eight
subtotals (total - residential class, total - commercial class, and so on) as well as the standard
deviations of each group of customers and the total, 17 values in all. .

Table 3 illustrates numerically how the allocation process works with more than two
loads. The table shows the standard deviations for four industrial loads and their total. The final
column shows the method’s allocation of the 26.3-MW regulation total to the four loads. If
these four loads were completely uncorrelated, the total regulation requirement would be 30
MW, 14% higher than the actual. (The actual regulation requirement is lower than what would
occur if the loads were uncorrelated because the loads are slightly negatively correlated with
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each other.) If, on the other hand, the loads were completely and positively correlated, the total
requirement would be 58 MW, 121% higher than the actual.

The method proposed here can accommodate a mix of individually metered loads and
subaggregations, such as several large industrial loads that are metered separately and

the nonmetered residential and commercial loads will have the correct share of regulation
assigned to them; any cost shifting will occur within the subaggregations and not between the
subaggregations and the individually metered loads. This desirable property greatly reduces the
need to meter any but the most nonconforming loads.

Table 3. Application of regulation-ailocation method to four industrial loads

Standard Standard Regulation
Load deviation (MW)  deviation of total  allocation (M W)
minus load (MW) .

A 20.0 21.2 12.2

B 12.5 257 : 3.6

C 10.1 26.0 2.2

D 5.5 223 8.3
Total 26.3 26.3
RESULTS

During the 12 days studied, the hourly regulation standard deviation for the system as
a whole ranged between 16 and 50 MW, with a mean of 3| MW (see Figs. 7 and §). The
nonindustrial and industrial standard deviations averaged 10 and 31 MW . (Forcomparison, the
average nonindustrial load was 1280 MW, and the average industrial load was 670 MW,
yielding a total system load of 1950 MW during these 12 days.)

The allocation method assigned the industrial customers 93% of the regulation total,
almost triple their 34% share of system lead. As shown in Fig. 12, there were several hours
when the industrial customers were assigned more than 100% of the regulation requirement
(reaching 132% one afternoon). During the hours that the industrial share exceeded 100%, the
nonindustrial customers would have received a credit for regulation, offsetting their regulation
costs during the other hours.

~ We applied the same method to allocate the industrial load among its components.
Interestingly, two of the loads are negatively correlated with the others, yielding smalinegative

regulation requirements.
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CHAPTER 4

LOAD FOLLOWING

SYSTEM-LEVEL METRICS
We examined two possible metrics for load.follbwing:

u Load-following magnitude (M W) measured as the difference between the maximum and
minimum values of 30-minute rolling-average load during each hour and

" Load-following rate (MW/minute) measured as the ratio of the first metric divided by
the number of minutes between the highest and lowest load values.

Unlike regulation, load following is a signed quantity, positive if it is rising during the hour and
negative if it is falling. Table 4 summarizes the average, maximum, and minimum values of
these two load-following metrics for total system load. Figure 13 shows the hour-to-hour
pattern in load following for weekdays and weekends. Unlike regulation, there is a clear diurnal
pattern, reflecting the morning and early-evening peaks and the late-evening dropoff shown in
Fig. 2. The nonindustrial loads track this diurnal pattern closely, while the industrial {oad is
much more erratic in its load following. Figure 14 shows the variations in average load-
following requirement from day to day. Overall, load following is 3.3% of total load.

Tabled. Absolute values of load-following metrics for system load for 12 daysin
February 1999 (288 hourly observations)

Magnitude (MW) Ramp rate (MW /minute)

Average 64 S W
Maximum | 181 6.3
Minimum g 0.2

The load-following magnitude and ramprate metrics are highly correlated. The
correlation coefficients between the magnitude and ramp rate are above 0.95 for total load,
nonindustrial load, and industriaf load (Fig. 15). These high correlation coefficients suggest that
load-following requirements are adequately captured by only one factor. Physically, the high
correlation coefficients mean thatthe toad-following ramping requirements are greatestduring
the morning and early-evening pickups and late-evening dropoff.
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" As with regulation, the correlation coefficients between load and load-following
magnitude are very small, suggesting that load itself is a poor predictor of load-following
requirements.

CUSTOMER-SPECIFIC METRICS

We calculate each customer’s share of load following (or that of each group of
customers) as the ratio of the customer’s coincident load-following amount to the total load-
following amount:

Share; = (Load; 7,0, — Load; r,;)/(Load,,,, - Load,,..) ,

where i refers to a customer or group of customers, T, is the time within the hour that the
system reaches its maximum load, and T, is the time within the hour that the system reaches
its minimum load. Note that T, and T,,, refer to the times of the maximum and minimum
system loads, not those for the individual components.

Figure 16 illustrates how this method works. The graph shows the rotling averages for

one hour for a hypothetical system, with residential, commercial, and industrial loads. The
residentialload in this example increases monotonically throughoutthe hour, from its minimum
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value of [20 MW at0:00 to its maximum value of 203 MW at 1:00. The commercial load also
increases during the hour, from 310 MW at 0:00 to 402 MW at 0:46, followed by a slight
decline to 399 MW at 1:00. The industrial load, uniike the residential and commercial loads,
decreases during the hour, from 250 MW at 0:00 t0 220 MW at }:00. The sum of these changes
yields the system load, which increases from 680 MW at 0:00 to 821 MW at 1:00; this
difference implies a total load-following requirement of 141 MW with a ramp rate of 2.35
MW /minute [= (821 ~ 680)/60]..

A simple sum of the load-following requirements for each component alone yields a
total of 205 MW (= 83 + 92 + 30), far higher than the 141 MW actual. This discrepancy is a
function of the signs of the different components as well as the noncoincidence of these
changes with the movement of the system as a whole. Allocating the total load-following
burden on the basis of the noncoincident movements of each component would unfairly
penalize loads that are noncoincident. Even worse, such an allocation scheme would charge
customers for load following even if their load moved counter to the system load (as the
industrial load does in this example).

Inthis example, allocating the total load-following requirement according to ceincident

loads assigns 59% of the total to the residential class and 63% to the commercial class and
gives a 21% credit to the industrial class. Allocating the requirement on the basis of
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system load-following requirementis 141 MW, the sum of the components
is205 MW, primarily because the industrialload decreasesduring the hour
while the residential and commercial loads increase.

noncoincident loads would charge the industrial customers for 15% of the total even though
their loads were moving counter to the system load during this hour.

RESULTS

The top partof Fig, 17 shows load-following requirements forone of the 12 days studied
in this project. The dramatic hour-to-hour variations are quite different from the pattern we had
expected to see. The data show large positive load-following requirements at4 and 5 a.m. and
again at 5 p.m., with smaller peaks at 6,8, 10 a.m., and noon. The data also show large negative
values at 7 and 11 a.m. as weil as at [, 3, and {0 p.m.

We had anticipated an early-morning peak, an early-evening peak, and a late-evening
dropoff (Figs. 2 and 13). The hourly averages across all the days show just such a pattern
(bottom of Fig. 17). Averaged across all 12 days, load-following requirements peak at 4 and
5 a.m. and again at § p.m. Requirements then drop sharply at 9 and 10 p.m.

The averaged data show that the nonindustrial load contributes most to the total load-
following requirementduring the morning and early-evening ramp up and again during the late-
evening ramp down. However, during the other hours of the day, the industrial load dominates,
W hereas the nonindustrial load-following pattern is consistent from day to day, the industrial
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pattern is not. Indeed, the top part of Fig. 17 shows the industrial load-following requirement
changing substantially from hour to hour; often swinging from positive to negative and back
again. The nonindusirial load, on the other hand, shows the expected winter diurnal pattern.

Figure 18 shows the absolute value of system load following and the coincident
-.contributionsfrom the two components. It shows clearly the importance of the industrialload ...
during the hours of mild load-following changes. In particular, during hours 0 through 4, 7
through 17, 19, 20, and 24, the industrial load accounts for more of the itotal load-following
requirement than does the nonindustrial load. Unlike the nonindustrial load, the industrial
toad’s load-following pattern is not predictable from day to day. (When averaged over several
days, the industrial load-following requirement appears to be much smaller than it actually is.)

Because of the patterns shown in Figs. 17 and 18, the industrial loads account for much
more of the load-following requirement than we had anticipated: 58%, far above their 34%
share of total load (Fig. 19). Because the cost of load following is likely to vary from hour to
hourandbe more expensive during peak-demand periods, the industrial share of load-following
costs is likely to be lower than 56%. Correspondingly, the nonindustrial shares of load
following and energy are 42% and 66%. Given this substantial difference between shares of
load and [oad foilowing, customer-specific assignmentofload following 1s probably warranted
for these large industrial customers.
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Fig.18. System load-following magnitude by hourfor 12 daysin February 1999 and

the contribution to these totals by nonindustrial and industrial customers.
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. Fig. 19. The share of hourly load-following requirement assxgned to several large

industrial customers for 12 days in February 1999, which averaged 58%
over these 12 days.

The share of load following assigned to these industrial customers varies substantially
from hour to hour, as shown in Fig. 19. The industrial share exceeds 100% for 26% of the hours
and is less than zero for 10% of the hours.

We also ‘examined the individual industrial loads and their relationship to the total
industrial load. Here, too, the shares of load-following requirement vary considerably, both in
absolute terms and relative to the energy shares. Forexample, one customeraccounted for 22%
of the industrial energy use but 40% of the industrial load-following requirement. On the other
hand, another accounted for 33% of the eneroy share but none of the load-following
requirement.

30



CHAPTER S

CONCLUSIONS

Utilities typically have several large industrial customers with unusual time signatures

(called nonconforming loads). Because these loads may contribute disproportionately to a -

company’s load-following and regulation requiremeats, we developed and applied methods to
quantify system-level and customer-specific requirements for these two ancillary services.

Regulation and load following (along with, perhaps, energy imbalance) are the real-
power ancillary services that a control area uses to maintain the necessary real-time balance
between generation and load. The NERC Control Performance Standards 1 and 2, both
measures of area control error, determine whether the amounts and use of the generation
resources devoted to regulation and load following are adequate. Because this control-area
operator’s CPS performance meets NERC criteria, this project focused on the allocation of

existing requirements ratherthan onadetermination of the appropriate amounts of each service
10 provide.

Electricity consumption varies with time. If the consumption data are examined at the
4-second level, they will show considerable random movement. If, on the other hand, they are
examined at the hourly level, they will show only smooth and consistent day-to-day patterns.
The data themselves do not determine how best to disaggregate the total into the energy, load-
following, and regulation components. This disaggregation requires judgment as well as
analysis of the control area’s mix of generation and loads. Because this control-area operator’s
generation follows load at only the 2- to 4-minute level, we aggregated the 30-second data to
2-minute averages. We used a 30-minute rolling average to characterize load following;
regulation is then the difference between actual load and the rolling average. A longer rolling-
average period would shift some load following from industrial to nonindustrial customers and
would shift some industrial load following to industrial regulation.

We defined and applied two metrics for regulation and two for load following:
n Standard deviation (MW) of the thirty 2-minute values in each hour;

u Averageregulationrate (MW /minute), calculated as one-half the average of the absolute
values of the 29 differences between adjacent regulation values;

» Load-following magnitude (M W), equal to the difference between the maximum and
minimum values of 30-minute rolling-average load during each hour; and
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= Load-following rate (M W/minute), equal to the ratio of the load-following-magnitude

metric divided by the number of minutes between these two (highest and lowest) load
values.

Theamountof generating capacity provided forregulationisa m“ultipie of the Eégulation |

standard deviation to ensure sufficient probability of meeting these temporal variations in load.

Multiplying the standard deviation by two provides 95% coverage, and multiplying by three
provides 99% coverage.

The two load-following metrics (magnitude and ramprate) are very highly correlated;
~asaconsequence, we think itis sufficientto consider only the magnitude metric for this service.
The two regulation metrics are also positively correlated, but not to the extent that occurs for
load following; therefore, it may be useful to consider both regulation metrics.

We also developed and applied methods to allocate these system-level metrics to
individual customers and to groups of customers. The regulation allocation method uses a
trigonometric relationship to determine the amount of each custoemer’s regulation requirement
that is correlated with the total requirement. The load-following allocation method calculates

each customer’s share of the total requirement on the basis of its coincident load-following
requirement.

Table 5 summarizes tesults on system and customer-specific assignments. Although the
industrial customers as a group account for 34% of the total energy, they account for 93% of
the regulation requirement and 58% of the load-following requirement. Within this group of
large customers, the allocations are also disproportionate. Forexample, one customer accounts
for 8% of totalenergy but 38% and 22% of regulation and load following, respectively. On the

otherhand, another customer accounts formuch smaller shares of regulation and load following
than of energy.

Current U.S. utility practice {i.e., the tariffs filed with FERC as required by Order 888)
typically charges customers for these ancillary services on the basis of average load (i.e.,
energy). Assume, for purposes of an example, that the hourly costs of regulation and load
following are SIO/MW and $5/M W, respectively, and that the amounts of generating capacity
to provide these services average 93 MW (three times the 31 MW in Table 5) and 64 MW,
respectively. Given these assumptions, the average cost to provide these two services would
be $1220/hour over this 12-day period. The traditional method of assigning customer-specific
charges for these services would bill nonindustrial customers $800/hour and industrial
customers S420/hour. Using the allocation methods developed here, $600/hour would be
shifted from the nonindustrial bill (a 75% cut) to the industrial bill (a 140% increase) for these
two ancitlary services. Similar shifts would occur among the individual industrial customers.
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Table 5. Characteristics of total load and its components for 12 days in February 1999

Energy Regulation Load following
(MW) Share (%) (MW) Shate (%) (MW)  Share (%)
Total load 1954 — 31.2 = 63.9 —
" Nonindustriatioad 1284657 22 72 276 423

Industrial load 670 343 29.0 92.8 36.9 57.7
l 264 13.5 16.4 52.6 20.9 32.7
2 33 1.7 2.8 9.0 4.2 6.6
3 77 3.9 6.4 20.5 5.9 9.2
4 10 0.5 05 1.7 0.4 0.6
5 10 0.5 2.9 9.2 5.4 8.3
6 275 14.1 -0.1 -0.2 0.0 0.0

The kinds of subsidies identified here among customers and customer classes likely exist
for other electricity products, including installed-capacity requirements. Forinstalled capacity,
industrial customers (with high load factors) are probably subsidizing other customers with
lower load factors.

The results presented here are consistent with anecdotal evidence from other control
areas. The regulation requirements for one utility are 50% higher when a single metal-
fabrication customer operates than when that customer is offline. Another utility has two steel
miils that account for 3% of total load, but over 50% of regulation and load-following
requirements. A steel mill in a third utility’s service area accounts for 1% of load and 22% of
regulation requirements; a paper mill in the same service area accounts for 3% of load but only
1% of regulation. Finally, these results for February 1999 are very similar to those obtained
with analysis of late-summer 1999 data from the same control area.
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APPENDIX

REGULATION VECTOR-ALLOCATION METHOD

We can think of regulation as a vector and not justa magnitude. For example, start with
load A. [t might be a single house or an entire coatrol area with a regulation burden of 8.
Consider another load B with aregulation burden of 6 that we want to combine with A. If loads
A and B are perfectly correlated positively, they add linearly, as shown in the top of Fig. 20. If
the two loads are perfectly correlated negatively, their regulation burdens would add as shown
in the middie of Fig. 20. Typically, loads are completely uncorrelated and the regulation
requirement for the total is the square root of the sum of the squares, or 10 in this case (bottom
of Fig. 20).

Multiple uncorrelated loads are always at 90 degrees to every other load. They are also
at 90 degrees to the sum of all the other loads. This characteristic requires adding another
dimension each time another load is added, which is difficult to visualize beyond three loads.
Fortunately, the math is not any more complex. The fact that each new uncorrelated load is at
90 degrees to every other load and to the total of all the other loads is quite useful. The analysis
of any number of multiple loads can always be broken down into a two-element problem. the
single load and the rest of the system.

Return to the two-load example but consider the more general case where loads A and
B are neither perfectly correlated nor perfectly uncorrelated. We may know the magnitude of
A and the magnitude of B, but we do not know the magnitude of the total without measuring
it directly (i.e., we do not know the direction of each vector). We can, however, measure the
totalregulation requirement and use this vector method to allocate the total requirement among
the individual contributors.

We know the totalregulation requirementbecause we meter it directly as the aggregated
regulation requirement of the control area. We can know the regulation requirementof any load
by metering italso. We can know the regulation requirement of the entire system less the single
load we are interested in by calculating the difference between the system load and the single
load at every time step, separating regulation from load following, and taking the standard
deviation of the difference signal. Knowing the magnitudes of the three regulation
requirements, we can draw a vector diagram showing how they relate to each other (Fig. 21).

How much of the total regulation requirement is the responsibility of load AT We can

calculate the amount of A thatis aligned with the total and the amount of B that is aligned with
the total. We can do this geometrically (as shown below) or with a correfation analysis.
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(bottom).

Y is perpendicular to the total regulation T (uncorrelated). X is aligned with T
(correlated). A’s contribution to T is X. Knowing A, B, and T, we can calculate X. (We could
also calculate ¥, but there is no need to do so.) We can write two equations relating the lengths
of the various elements:

Al=Xt+ 1P : (A-1)

B*=(T-X)y+1Y. | (A-2)

Subtract Eq. A-2 from Eq. A-1 to get

AP B =X - (T-XY+V1 -V
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AR =X - (T -TxX-TxX+X)=-T"+2TxX.
Solving for X (load A"s contribution to the total T) yields
X=(A"- B +THT. (A-3)

Recall that we can decompose a collection of any number of loads into a two-load
problem consisting of the load we are interested in and the rest of the system without that load
(Fig. 22). We can solve Eq. A-3 for as many individual loads as we wish. Variable T remains
the total regulation requirement, variable A becomes each individual load’s regulation
requirement, and variable B becomes the regulation requirement of the total system [less the
specific load of interest.

This allocation method works well with any combination of individually metered loads
and load profiling for the remaining loads. The load profiling can be as simple as making the
usual assumption that the other loads’ regulation requirements are proportional to their energy
requirements. Or measurements of a sample set can be taken to determine the magnitude of
their regulation burdens, This vector-allocation method is used to determine the regulation
burden of each of the metered loads. The residual regulation burden is then allocated among
the remaining loads, assuming they are perfectly uncorrelated.

ALTERNATIVE APPROACH
We initially tested an alternative approach. That approach calculated the incremental
regulation requirement for each load by calculating the system regulation requiremeant without

thatload and then defining the allocation for the individual load as the difference between the
total reguiation requirement and the regulation requirement without that single load.

39
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Total

K Subtotal of A & B
M
w‘"‘w B
X A
> - _
Fig. 22. Application of vector-allocation method to the case

with more than two loads.
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This method works well in many cases. However, when a load reduces the overall
regulation requirement, this method blows up. Consider an example in which load A has a
regulation requirement of 40, load B has a requirement of 22, and the total is 30. The
incremental burden for A is #10, and for B it is —8. The total incremental burden is +2, which
means that A is charged for 150 (= 30 x 10/2) and B receives a credit for 120 (= 30 x -8/2).
These results are unappealing because they are so sensitive to small changes in the incremental
contributions of any single load. In this case, load A would get charged for 150 MW, even
though its totai was only 40 MW, a completely unrealistic result, (Even if loads are 100%
correlated, no load should get charged for more regulation than it would require if it was the
only load in the controlf area.) The method developed in the body of the report, and which we

recommend, assigns a regulation requirement of 33.6 to A and -3.6 to B, yielding results that
are much more reasonable. '

DAW pd\ANCAC474. wpd
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Suppliers
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Ancillary Services Evolution

m FERC Order 888 (1996)

# Development of Independent System Operators 1SCs

2 FERC Order 2000 (Dec, 1299)

-]

Ancillary Services (FERC Order 888)

Scheduling, Control and Dispatch

# Reactive Supply and Voltage Controi from Generation Sources

Regulation and Frequency Respohse

Energy Imbalance

Operating Reserve (Spinning)

Operating Reserve (Supplemental)

S5



Order 888

% Energy Imbalance :

* Energy Imbalance Service is provided when a difference occurs between
the schedufed and the actual delivery of energy to a load located within a
Control Area over a single hour.

# Regulation and Frequency Response

* Reguiation and Frequency Response Service is necessary to provide for
the continuous balancing of resources {generation and interchange) with
load and for maintaining scheduled Interconnection frequency at sixty
cycles per second (B0 Hz). Regulation and Frequency Response Sarvice
is accomplished by committing on-line generation whose output is raised
ot lowered({predominantly through the use of automatic generating control
equip%nent) as necessary to follow the moment-by-moment changes in
load.

Order 888

# Operating Reserve (Spinning)

* Spinning Reserve Senvice is needed to serve load immediately in the
event of a system contingency. Spinning Reserve Service may be
provided by generating units that are on-line and loaded at less than
maximum output

| Operating Reserve (Suppiemental)

+ Supplemantal Reserve Service is needed to serve load in the event of a
system contingency; however, it is not available immediately to serve
load but rather within a short period of time. Supplemental Reserve
Service may be provided by generating units that are on-line but
unloaded, by quick-start generation or by intesruptible load.

\%‘&L



FERC Order 2000/ RTO NOPR

RTO (Regional Transmission Organization) must serve as provider of last
resort for all Ancillary Services as defined in Order 888 and subsequent
orders

RTO can fulfill its obligations through contracts, direct or indirect contrel of
generation and market mechanisms

Market participants must have the option of self-providing Ancillary Services

RTO must have authority to establish minimum levels of Ancillary Services
and locations. The RTO should consider stakeholder input as well as
established industry standards in determining these requirements.

All generators or other facilities that provide ancillary services must be
subject to direct or indirect operational control by the RTO

The RTO must promote the development of competitive markets for ancillary
services whenever feasible

FERC Order 2000

o

An RTO must ensure that its transmission customers have access to a real-
time balancing market that is developed and operated by either the RTO
itself or another entity that is not affiliated with any market participant.

For the purpose of determining cost responsibility for imbalances, no

distinction needs to be made between generators and loads. .For purposes
of assessing penaities for inaccurate schedules, we conciude that a penalty
mechanism that treats loads and generators differently may be appropriate.




NERC Regions

July 1898 MW

ECAR 90.330
ERCOT 46,268
FRCC {Florida} 32,440
MAAC 46,524
MAIN 44,991
MAPP 27,896
NPCC 51,000
NY 28,800
1SO-NE 22,100
SERC 134,561
Entergy 21,872
Southern 7 440
TVA 25,155
VACAR 49 994
SPP 35,592
wWscC 103,614
NWPP 32,472
Rocky Mtn 7584
AZ. NM Southern NV 13.967
Canforma 44584

513,245

Percent
14 73%
7.55%
5.29%
7.59%
7.34%
4.55%
8.37% A
471%
350%
21.94%
338%

" B11%

T 4.10%
8 15%
5,80%
16.20%
530%

1 24%
30%%
7 “1'1,5’
100 2C%

ISO Initiatives in the United States
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California 1ISO Ancillary Services

AGC/Regulation (Reg-up and Reg-down are separate services)

Spinning Reserve (SR}

s Non-Spinning Reserve (NS) -

Replacement Reserve (RR}

Voltage and Reactive Power (VAR) Support

M Black Start

]

Definition of Reserves

8 Operating Reserve (Capacity that can be delivered as Energy
within 10 minutes)

* AGC/Regulation

* Contingency Reserve
* Spinning Reserve (must be on-line and synchronized)
* Non-Spinning Reserve

A Replacement Reserve (Capacity that can be delivered as Energy
within B0 minutes)

\7



AGC/Regulation

m Definition

* Service provided by generating units with AGC equipment which
automatically adjusts their cutput in response to Area Controf
Center (ACC) signais for

* load following

* frequency control
* fie-line control

* time correction

* economic operation

Ancillary Services (AS)

; Ancillarv Services Auctions
Energy Auction :

—
AGC ' Spinning Jjon-spinning| | Replacemen
Reserves eserves Reserves

Encrgy
Schedules

® A unit on reserve supplies an option to generate
®  As the buyer of all reserves ISO can pursue a singie objective (cost minimization)

# Sidders submit separate bids for capacity and energy

Average Hourly Procurement

BRegulation HSpinning Resorve
CINon Spinning Reserve [DReplacement Reserve

Ri



Ancillary Services Costs

® Ancillary Services charges in California have been higher than
those in other 1ISOs '

AS Charges
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Ancillary Services

Systems and Infrastructure
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Scheduling Applications (SA)

2 ASM
+ Ancillary Services Management
i+ CONG
+ Inter-zonal Congestion Management
3 BEEP
+ Balancing Energy and Ex Post Price Determination

AS and Congestion Management

No coordination
+ ASM and CONG run in paraliel
AS are procured regionally

+ regions are unions of congestion zones speciﬁe:d as inputin ASM by
the user

1 No transmission capacity reservation
+ except for existing AS contracts
No Usage Charges

1)
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Ancillary Services
Requirements

AS Requirement Calculation

e

i)

AS requirements are calculated for each SC by region
AGC/Regulation
+ {2-5)% x scheduled load
Replacement Reserve ‘
+ 7% x max{0, load forecast — scheduled load}
Spinning and Non-Spinning Reserve
+ 50% x Contingency Reserve

Sz



AS Requirement Calculation.

4 Contingency Reserve is based on

4

+

+

+

Scheduled load
Scheduled hydro generation
Import/Export Energy schedules
Worst contingency
¢+ the maximum of
= manually entered amount
= loss of generation
* loss of inter-tie

AS Requirement Calculation

Contingency Reserve requirement

+

max{worst contingency,
max{0, 7% x (equivalent ioad) —
2% x hydro generation}}
+ non-firm imports’
equivalentioad =
scheduied load - firm imports + firm exports

no Contingency Reserve for wheeling-through transactions and non-
firm energy exports

K%
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Day-Ahead and Hour-Ahead Ancillary

Services Bidding,
Self-provision, and Settlements

Day-Ahead AS Bids/Schedules

L

Ll

A Resource may submit for each AS
+ 24-hr bid
+ energy bid (may vary by hour)
+ capacity reservation bid (may vary by hour)
+ 24-hr self-provision schedule
s+ energy bid (may vary by hour)
Capacity reservation bids are used in ASM
Energy bids are used in BEEP

th
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Ancillary Services Energy Bids

2 AS Energy bid format

+ price vs. quantity staircase curve
¢ upto 10 segments
+ positive and monotonicaily increasing for generationimport
v negative and monotonically decreasing for lcad/export

+ relative to the capacity bid/scheduled

+ the first matching portion is used by BEEP

+ extends to negative quantities for AGC

Energy Bid Format Examples

= GeneraterImport Adjustment Bid Gcncre&on]mponAGC,SE Bud _:Generatorﬂmport SR/ANS/RR Bid
21 £
5 ©-® o9 5 ?-@
I DO | Mw> i i -\M} Mw,;
- LeadExport Adjustment Bid L_%ad'Expon SE Bid Load NS}__"RR Bid
= =
. o9
T MW; .\{W‘; SR MW}
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Ancillary Service Self-provision

B

= Valid self-provision is always accepted
. - Self-provision reduces SC obligation

+ -SC obligation =

max{0. SC requirement - SC self-provision}

-+ Self-provision in excess of requirement

+ is not transferable among regiohs

+ it does not reduce other SC obiigations

+ itis net paid for

Day-Ahead AS Bid Evaluation

3 AS regicnal auction

+ inetastic demand = T (SC obligation)
+ cascade AS bid evaluation

1 capactty accepted in previous auctions is subtracted from capacity bid into

fallowing auctions
+ AGC/Regulation
s Spinning Reserve
¢+ Non-Spinning Reserve’
+ Repiacement Reserve
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v 1~ " AS Schedule Example. T

3 Generator with

+ 500 MW maximum capacity
+ 200 MW submitted Energy schedule
¢ & MW/min ramping capability

AGC SR NS RR
Bid Flag No Ne No Neo
Submitted 20 20 20 240
Evaluated
Accepted 20 20 20 240

AS Bid Example

2 Generator with

+ 500 MW maximum capacity
¢ 200 MW submitted Energy schedule
+ 6 MW/min ramping capability

AGC SR NS RR
Yes Yes Yes Yes
60 60 60 300
Evaluated 60 40 20 250
.-\cccprtcd 20 20 10 190

8
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-~ AS Bid/Schedule Example’

Ly e R P T Pt

3 Generator with
+ 500 MW maximum capacity
« 200 MW submitted Energy schedule
+ 6 MW/min ramping capability

AGC SR NS RR
Bid Flag Yes No Yes Yes
Submitted 40 20 40 280
Evaluated 40 201 250
Azcepted 20 20 10 100
i
Dav-Ahead AS Settlement
]

5 Resource settiement (due SC)

+ 180 pays non-FERC-jurisdictional resources the zonal MCP for the AS

capacity they sell
+ IS0 does not pay self-providers

15%
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Day-Ahead AS Settlement

2 8C Settlement (due 1SQ) (AGC, SR, NS)

+ 180 charges SCs for their AS cbligation at the regionat AS price
+ regional AS price =
T (resource AS payments) / AS demand
+ Replacement Reserve setlement is done ex post since the allocation

depends on the dispatched amount and the contributing imbatance
deviations

Hour-Ahead AS Bids/Schedules

1 A Resource may submit for each AS
+ 24-hr bids/schedules (13:00-24.00)
+ 1-hr bids/schedules (13:00-2 hr ahead)

+ bidfschedule capacity may be higherfower than the final day-ahead
schedule
¢ if higher, additional capacity is bid/scheduled
o if lower
* any capacity reservation bid is ignored
« DA zccepted capacty is bought back at the HA price
= self-provision 1s reduced '

10
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HA Bid/Schedule Interpretation

Ha Final HA _Interpretation
Bid Flag | Yes| No| Yes No Yeas S’o
Case | 60 100 100 | self-provision increase
Case 2 100 60 60 | self-provision decrease
Case 3 60 100 60-100 additional capacitv bid
Cuse 4 Lo 3 ) canacily huv-Back
Case § 60| 100 60-100 additional capacity bid
Case 6 100 60 60 | self-provision decrease
Case 7 §0 100 100 | seif-provision increase
Cane ¥ Y %) i canucihy huv-hack

Hour-Ahead AS Requirements

= SC HA AS requirements may be different than their DA AS
requirements due to

+ different HA Energy schedules 7

v different load forecast {affects Replacement Reserve requirements)

o different final DA Energy schediles from preferrediravised DA Energy
schedutes due to DA Congestion Management

]

11
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Hour-Ahead AS Obligations

2 Self-provision reduces SC obligation
+ SC cobligation =
' max{0, SC requirement — SC self-provision}
:: SC obligation may be reduced in HA by
+ reducing AS requirement
+ increasing self-provision

Hour-Ahead AS Bid Evaluation

2 AS Regional Auction

+ inelastic demand = max{0,

Z (HA SC obligation— DA SC obligation) +

% {HA AS capacity buy-back}}
+ cascade AS bid evaluation

¢+ capacity accepted in previous auctions is subtracted from capacity bid into

following auctions
AGC/Regulation
Spirning Reserve
Non-Spinning Reserve
Replacement Reserve

12
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Hour-Ahead AS Settlement
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2 Resource settlement (due SC) payments

+ 180 pays non-FERC-jurisdictional resources the HA zonal MCP for the
HA AS capacity they seli

+ 180 pays FERC-jurisdictional resources their price for the HA AS
capacity they sell
+ |80 does not pay or charge self-providers

Hour-Ahead AS Settlement

SC Settlement (due ISO) (AGC, SR, NS)

+ 180 charges/pays SCs for their AS obligation deviation at the HA
regional AS price

+ HA regionai AS price = .
Z {HA resource AS payments) / AS demand
Resource seftlement charges (except RR)
+ 180 cnarges all resources the MA regionai AS price for the AS capacity
they buy back in HA

]

]

13
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Hour-Ahead AS Settlement
7 Caveals
+ Secilement system currently does not support negative billabie

gquantties .
e no resources wilt be charged for buying back AS capacity
o 0 Sewil be oredited for reducing thelr AS otligaton in HA
o |30 :s still revenue neutral
+ Rapiacement Reserve setiemant implications
+ gaming possibilities have not been examined

27
Ancillary Services
Dispatch
in
Real Time
23

14
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Ancillary Services Dispatch

2 Imbalance Energy is procured competitively to balance generation
and demand in real time
= Sources of iImbalance Energy
+ AGC (avery 4 sec)
+ Spinning, Non-Spinning, and Replacement Reserve {every 10 min)
+ Supplemental Energy Bids (every 10 min}

BEEP Responsibilities

= Imbalance Energy procurement
+ Real-time inter-zonal congestion management
= Imbalance Energy provision recording for setilement purposes
2 AGC unit base point calculation
<3 Ex postimbaiance Energy price determination

30
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BEEP Input/Qutput Data
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2 Long-term requirements
+  Mismatch between:
+ load forecast for the next hour
v energy schedules for the next hour
= Short-term requirements
+ Mismatch between:

+ AGC unit outputs
+ AGC unit base points

33

imbalance Energy Procurement

S Imbalance Energy requirements are met by dispatching in merit
order:
+ Spinning Reserves
+ Non-Spinning Reserves
+ Replacement Reserves
' Supplementa! Energy bids

subject to ramping and network constraints.

34
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Real-Time Energy Balancing

uninstructed
deviations

| imbalance
requirement

deviations

real-time dispatch instructions

3s

Imbalance Energy Dispatch

)

‘Long-term dispatch
+ At the beginning of the hour, for all intervals
+ Meetlong-term requirements
+ All sources compete
Short-term dispatch
¢ At every execution, for the next interval
+ Meet shertterm requirements
+ Only fast sources compete

L

k1]
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BEEP Long-Term Dispatch

Resource Avallable Energy | Servie Time Ramping | 010 10-20 20-30 | 3040 | 40-50 | 50-60
D Capacity Price D Delay
(W LAY Jminl_ LW paial
[ 40 20 ol ] 2
C 0 19 = i 2
H A0 18 E i b !
G 40 17 RR 20 1 10 20 20 20
C 19 15 &, 1) 2 10 13 in 10
i e 15 IE q ! i a0 I 0 ]
E [l 14 RR 30 3 0 a0 90 |
D 0 i3 SR ¢ 2 20 0 3 0 2
c 10 12 E 0 b ¢ 10 10 0 0
B 20 1 N§ $ 41 10 0 0 0 20 20
A ] il 30 30 30 30 30
Total 40 g0 120l sol 20l 240
37
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BEEP Short-Term Dispatch
Real-Time
Energy
L Schedule
Imbalance
Energy
Schedule
’:Q ANy Iﬂtel'\'al
MCP
20 AN
Regulating
Energy
38




BEEP Final Dispatch

Resource Avallable Energy | Service Time Ramping | 6-10 10-20 20-30 | 3040 | 40-50 | 50-60
i Capacity  Price D Delay Rate

e AONE L ISAOXREL imdpl (XN ig)

ol ] 20 ER A0 2
C 10 15 £ 2 2

H 100 .4 < i} 2 £
Hrl M [ind IR s ] i 13 20 20 3§
10 i L Q 2 10 10 14 14
g s 15 <E. 9 | 10 20 ik 0l

20 14 R ki1 k) Kit] 50, S0 )

D 0 13 SR [ 2 E) 20 20 20 2
¢ 10 12 SE [ b4 10 10 10 10 10

B 0 1 NS s a8 20 0 20 20 20
A g R 2 30 30 3¢
Total 47 s FEl 10l 00 256

39

BEEP Congestion Management

3 Imbalance Energy requirement and procurement on a zona! basis

Q Manual modification of zonal Imbalance Energy
requirements to eliminate violations due to AGC

30
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AGC base point = Real-Time Energy Schedule

Hour-Ahead Energy Schedule

Imbalance Energy Schedule

AGC Rase Point

41
: 3 . ~ L
Multiple AS Provision
Unit B
T Positive
120 AGC
100 Margin
80 % Spinning
g 60 Reserve
= 40 Energy
20 et Negative
a AGC
Margmn
Actual
Generator
Output
42

21
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Ex Post Price Determination

Remurce | Availlahle Energy Service Tive Ramping | 810 10-20 ] 20-30 3040 40-50 | 50-60
iD Capacky Prics ID Delay Rats
(MW]  [¥MWh] (min}  [MW/min|
i 40 20 RR 40 2
L b L] SE. L] 2
1ne._ L2 SE. 4] 2 S
[} A0 17 RE. 20 i 020 20y 30
10 16 x 2 2 0. 10 10
£ 50 i E Q 1 10 20 3 40
20 BES A 0 K 30 ROR i)
20 11 SR 0 2 —aal o 20 20 20
Z 0 il SE il 2 10 1 i1] 10 10
2 els ' NS h 4 15 20 23 20 29 a0
9 0 SE 0 30 30 30 30 X
80 115 160 00 250
53 i 17 e i
HouslyPrice = 45 % L1 + 80 x 13 + lle]8+l6-0 x 17 + 200 x 17 + 250 x 17 - 13975 1644
45 + 80 + 115 + L60 + 200 + 230 850
43
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Issues

g How much?
* Quantity of AS procured

& From where?

* | evel of imports allowed, recognizing transmission congestion

@ \When?
+ How should the ISO decide between long term procurement, day-
ahead procurement and hour-ahead procurement?

\i%



Operating Réserve Quantities

# The 1SO shall maintain minimum contingency Operating Reserve
made up of Spinning Reserve and Non-Spinning Reserve in
accordance with WSCC MORC criteria equal to:

(ay 5% of the Demand (except the Demand covered by firm
purchases from outside the IS0 Controf Area) to be met by
Generation from hydroelectric resources plus 7% of the Demand
(except the Demand covered by firm purchases from outside the
ISO Control Area) to be met by Generation from other resources.

or (b)'the single largest Contingency, if this is greater

or {c) by reference to such more stringent criteria as the 1SO may
determine from time to time.

Repl_acemeht Reserve Quantities

#& The ISO shall make its determination of the required quantity of
Replacement Reserve based on:

* historical analysis of the deviation between actual and Day-
Ahead forecast Demand,
* historical patterns of unpianned Generating Unit Qutages,
* historical patterns of shortfalls between Finai Day-Ahead
Schedules and actual Generation and Demand,
~  historical patterns of unexpected transmission Qutages, and

* such other factors affecting ability of the I1SO to maintain
System Reliability as the 1SO may from time to time
determine.




Locational Requirements

W The actual location of Ancillary Services on a daily and hourly
basis shali depend on the locationa! spread of Demand within
the 1SO Controi Area, the available transmission capacity, the

i locational mix of Generation, and historical patterns of

transmission and Generation availability.

Market Data
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Events affecting AS Quantities

® April 1, 1998; AS Markets commence

# Aug 6, 1998; Max Imports upto 25 % for spinning and non-spinning reserve
®  April 8, 1999: Increased procurement of AS in Hour-ahead market

& June 1, 1999 Max Imports upte 50 % =llowed

#  August 18, 1999: “Rational Buyer” protacol (substitution of lower quality AS
by higher quality AS)
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Competitive Market Structures

a UK, PM

. Day-ahead pricing based on multi-part bids, centralized
commitment

# Australia

* Units self-commit; *ex post” pricing by a centralized pool

# California .
* Power Exchange {day-ahead pricing using single-part bids,
decentralized commitment)

.* Independent System Operator (responsibility for reliability, real-
time operation.congestion management and ancillary services)
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The New Market Structure

[ Non-Utility/Unregulated Generation ]

SCrSeheduling Coordimator |
PX; Power Exchange

130: Independent

System Operator

Culity

Pgen: Unlity Generation

TCO: Transmission Owner

UDC: Unlity Distnibution
Company

ESP- Retaul Energy
Services Provider

3 Urility Customers

Non Utility Customers

California Resource Mix

billion KWh

Natural Gas/Oil




Forward, Real-Time and Reserve Markets

w Generation and Load schedules in the forward market cannot be
met exactly in real-time due to demand variations, unit outages efc.

# Real-time balancing is the responsibility of the 1ISO

m Power system reliability and security requires a sufficient quantity of
ancillary services
* |Implicit assumption: price does not always call forth supply in
real time

Role of Ancillary Services

Ancillary Services

Services required for the reliable delivery of electricity

\\————-—

k

Independent
System Operator
Suppliers _

Utility Distribution
Companies

\%



Ancillary Services procured by the ISO

W AGC/Regulation {Reg-up and Reg-down are separate services)

Spinning Reserve (SR)

Non-Spinning Reserve (NS)

Replacement Reserve (RR)

Voltage and Reactive Power (VAR) Support

W Black Slant

Types of Reserves

A Operating Reserve (Capacity that can be delivered as Energy
within 10 minutes)

* AGC/Reguiation

* Contingency Reserve
* Spinning Reserve (must be on-line and synchronized)
* Non-Spinning Reserve

a Replacement Reserve {Capacity that can be delivered as Energy
within 60 minutes)

42



ﬁAGCIReguIation

wDefinition
* Service provided by generating units with AGC equipment which

automatically adjusts their output in response to Area Control
Center (ACC) signals for

* load following
* frequency control
* fie-line control
* time cerrection

* gcohomic operation

Who Buys Reserves?

7 Reserve capacity is an externality
* Energy shippers would prefer to let others supply reserves

¢ Reserves must be provided to a level consistent with system
reliability, not any participant's utility function

® The purchaser of energy from reserve cannot be identified ahead of
time '

* |f you could, you would make him schedule capacity

# The iSO is the purchaser, at a level determined by reliability
standards (not necessarily economically)




Who Provides Reserves?

W tnfra-marginal onits wilrchoose wieave Untoaded capacity Tor
reserves only if they are compensated for opportunity costs

8 Markets for energy must be accompanied by markets for ancillary
services

What are Opportunity Costs?

& Exampie 1 {without ramping constraints)
¢ System Load: 1000 MW

* Reserve Requirernent: 70 MW

* Generator A; 600 MW @ $18/MWh

* Generator B: 600 MW @ $20/MWh

* Optimal Schedule:
* A 600 MW Energy
+ 3: 400 MW Energy + 70 MW Cantingency Reserve
* Opportunity cost: $0/MWh

i12]
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What are Opportunity Costs?

w—Example-2-{with-ramping constraints)

* System Load: 1000 MW ‘

* Reserve Requirement 70 MW

* A (4 MWimin): 600 MW @ $18/MWh

* B (4 MW/min) - 600 MW @ $20/MWh

* Optimal Schedule:
* A 570 MW Energy + 30 MW Contingency Reserve
* B 430 MW Energy + 40 MW Contingency Reserve
* Opportunity cost for generator A: $2/MWh

Thermal ‘supply curve’ in California

5B -

-

Incremental cost ($/MWh)

—

5084 11400 15.808 2040 -2 38008 35008




Ancillary Services Procurement

® Reserves and AGC
* day-ahead and hour-ahead auctions

* self-provision by Scheduling Coordinators (minimal thus far)

= Voltage Support
* normal operation
* long-term contracts {Reliability Must Run)

* real-time instructions

& Black Start

* long-term contracts or annuai auctions

15!

Must Reserves be Procured
Simultaneously With Energy?

# Shortterm efficiency goals met by simultaneous procurement

* Provision of spinning reserve is compensated at imputed
opportunity cost

& Simultaneous procurement is not always possible under all market
structures

* An ISO separate from a PX does not procure any energy in
forward markets

#* Simultaneous procurement may be possible for consumers that
“seif-provide” their share of reserves

* What portion is optimally self-provided?

~
@«
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Auction Sequence

Ancillary Services Auctions
B

—
Energy ] AGC Spinning on-spinning| [ Replacemen
Schedules 1._' Reserves eserves Reserves

Energy Auction

Generation Bidding in 1ISO and PX Markets

Forecast Fuel and Electric Prices
Power Plart Availability and

Performance Data One Day before Operating Day
i Final
Portfolio ISO Congestion Schedules For
Bids from | PX ™ Management, RMR = pPlants
Bidding Energy Auction dispatch & Ancillary Available
Madels Services Auction
Porfolio bid for 0000
Bids adiusted ‘submitted at 7. 1SO provides schedules to 2400
P : sla juste MW schedules for Refiability Must-Run
Oirc%:::‘g:gt;ges received at B. (RMR) units at 10 am.
> Unit specific

fuei/electric schedules and Congestion Management | .
price . ancillary services  and Ancillary Services dPaantshrec dewehﬁréall
assumptions pids due to PX at {AS) auction completed by y-ahead schedules.

6.7 AM 9:30. 12 noon,

f1a] 7-9:30 AM 10 AM - 1 PM 1 PM

o




Should Reserves

be Procured

Sequentially or Simuitaneously?

# Problems with the sequenti

higher quality products

= Alternafives

expensive

@ California started out with the sequential approach

al approach

* May not resuit in lowest overall cost

* May result in lower quality products being priced higher than

* Simultaneous bid evaluation
* "Rational Buyer" protocol

* substitute lower quaiity AS by higher quality AS if itis less

- The ISO’s Balancing Market

® Used to physically balance

-

—_ ]

s Centrally dispatched by the ISO

demand and supply

@ Not used for centralized optimization

a Merit order determined based on energy price bids

A Price

o

-

Generation > Load

Load > (Greneration

i
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Real-Time Energy Balancing

S uninstructed
deviations J

imbalance
requirement

, instructed
deviations

real-time dispatch instructions

Price Calculation

Table 1: Numerical example

$20/MWh

B TIMW | SISMWh

C I8 MW { $127°MWh

D JaMW | S10MWR ] (2}

MCP

Totalt MW
Total MWh

Hourly average ex-post price =

2x10+5%312+8x15+9x15+10x20+11x20 -
45

785
= aia =546 MW
33 $16 78 MWh

w



‘Option-Based Reserves Auction

% A unit on reserve supplies an option to generate

* Purchasing reserves should involve capping generating costs in
the balancing market

# As the buyer of all reserves 1SO can pursue a single objective (cost
minimization)

®m Reserves are not like other options

* Pyrchase quantities based on engineering judgment/refiability
criteria, not hedging strategies

* Distinctions between reserve fypes based on operational
considerations

* QOperated for physical need, not' based on price-

Design of the Option-Based Reserves
Auction

® 3 separate markets for reserves

® Unit i bids capacily prices R and energy strike price £,
* Evaluation "score’ is R xE;, xis expected production from this
reserve type (0 <x< 1)

* Paid max(score) - xR, as a reservation; paid for balancing energy
at predetermined price E,

# Requires unbiased estimation of x for each type of reserve to avoid
gaming

@ Predetermines reserve units' energy payments

\3¥
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Design of the Simplified Reserves Auction

¥ 3 separate capacity-only markets
| Unit i bids capacity prices R, and energy strike price E;
* Bids selected on the basis of R, only, {ie., x=0) '

* Energy bids E are used to determine merit order for real-ime
dispatch '

Regulatory Issues

& “Cost-based” reserve pricing
* Generation owners need to get approval from the FERC to sell
Ancillary Services at market based rates

* Utilities can only receive cost-based prices for reserve capacity

* Arbitrarily selected “cost-based” price caps have little chance of
reflecting actual opportunity costs )

s
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Market Operation (4/2/98): Insufficient
supply due fo price caps

Spin_nihg Reserves Market (4/2/98)
800

600 Hesesa> by

-
(=]

Price $/MW

1
T
o N O

Market Operation (7/9/98): Market power
in the absence of price caps

AGT Spinning Reserve
P15
MW _ . UMW |

TT121044528 0 T1 24187 305 8 73TA 27489 136432500
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Resources used for Real-Time Balancing

Spinning

Reservs

135%

Supplemental

Energy
&7 %
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Replacsmint
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- AS Market Performance

% Insufficient Bids for Ancillary Services (AS) Markets
® Decentralized market structure can impose a greater need for AS

¥ Problems with sequential markats
* Generator bidding is complex

* Counterintuitive prices for AS ( nen-spinning reserve can be more expensive than
spinning reserve}

® Regulatory eors
* some generators subject to price caps while others were not

® Exercise of market power by generators
¢ 9999 5/MW prices for Replacement Reserves on July 13, 1998

g Irrational bidding behavior
*  -3350 $/MW for Regulation/AGC on May 16, 1999

# Absence of bilateral market for AS

’Q Some problems in [SQ protocols and software

AS Redesign

+ Phiea caps
a1eezs 50
g 16 Sew Poncy fm

Replacimint Aridewe
Procursaenr md <okt
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System Load

Average Energy Prices

" NP15 Avarage Prices
1 P L PXAve"'--'lSOAyih
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AS Prices
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Composition of Retail Energy Costs

Total Market = $ 28 billion

13%
Distribution

Pyblic Purpose 0%

4%

Stranded Whotesale
Costs Energy
23% 21%
e S R ISO Costs
5%
Rate Rea Transmission
Bonas

4%

Based on Cat [SO esnmate

A Study of Cal ISO Charges

® Study period: Apr 88 - July 99

W Average IS0 charge: 5.20 $/Mwh

* Ancillary Services (1.539), GMC (0.78), Neutrality (0.82), UFE {0.23),

Other (0.45)
# Standard Deviation; 2.17

® Charges are allocated by zore. Averages are shown here.

Average ISO Cherges

Cther
GMC 4%

21% s
e Total AS
NeutralM

2% UFE  Intra-Zonat

5% 1%
EJ
SEST AVAILABLE COPY
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Lessons Learnt

W Market baged pricing tor §rféTg“\]“m‘_tds be accompanied Dy market
based pricing for reserves

Reg-up and Reg-down should be separate services
# Reguiation and Load following should be separate services

W AS cost allocation should be done based on metered consumption
instead of scheduled load

# Automated communication and dispatch is crucial
# Seaquential AS auctions may not always be the most efficient

# Decentralized markets may impose a greater demand for Ancillary
Services on the (SO




Competitive Procurement of Ancillary Services
by an Independent System Operator

Harry Singh
Member

Alex Papalexopoulos
Senmior Member

s Tpgeific Gasad Blectr e Cotipamy T T T T e e

San Francisco, California

Abstract

This paper discusses the competitive procurement of
Ancitlary Services by an Independent System Operator
(ISO). The paper assumes the existence of an underlying
market for energy and explains why this energy market must
be accompanied by a market for Ancillary Services. These
services  include operating reserves and Automatic
Generaton Conwol (AGC) both of which may require
generators that are infra-marginal in the energy market to
choose between supplying energy or Ancillary Services.
The paper discusses the design of an auction for these
services that has formed the basis for the Califorma ISO's
Ancillary Services market. The paper also discusses the real-
ume dispatch of Ancullary Services.

Keywords: Electric Power Deregulation. Auctions, Operating
Reserves.

1. Introduction

Competitive energy markets are being instifuted in many
jurisdictions as electricity supply industries are restructured
in sieps towards deregulation. In  general,” these
arrangements require some form of a central auction for
electricity to be delivered over short time periods. There are
two distinet forms of market structure that have already been
implemented around the world; a real-time market, such as
the one that has been instituted in the Australian state of
Victoria. and day-ahead (forward) markets such as those that
have been instituted in England and Wales, Norway, and
California [1,2,3].

Since electricity is delivered instantaneously. it is obvious
that a day-ahead market requires a batancing service with an
associated real-time market. In England and Wales. the
balancing tunction is provided at the day-ahead price. In
California. the balancing function is priced separately at an
ex-post price that is determined in the real ime market based
on &n auction for imbalance energy and the associated

BEST AVAILABLE COPY

dispatch instructions issued by the [ndependent System

Operator (150),

The operation of the real time market is a fundamental
responsibility of the ISO. Since the ISO does not own any
generation, it must ensure that there is sutficient unioaded
capacity among on-line generators to participate in the
balancing market and secure the required amount of reserves
needed for maintaining the reliability of the system. The [SO
must also ensure that there is a sufficient quantity . of
Automatic Generation Control {AGC) capability and quick-
start generation capacity, and conferm o mandated
reliabilitv criteria {7]. One way the ISO can meeat these
requiremsents 1S o create a competitive market for Ancillary
Services.

A premise of this paper is that competitive markets for

energy require competitive markets for Ancillary Services.
This ts particularly true for those services that bear a
complementarity to energy markets. Two particular examples
are spinning reserves and AGC. Both these services require
generating units to maintain on-line unloaded capacity that
can respond within 10 minutes. These services are used in
real-time by the ISO, either for balancing purposes or for
replacing energy that had been scheduled to be provided by
a unit that malfunctions. .

The main charactenistic of the ancillary services discussed in
this paper is that capacity is reserved and procured in
advance and then incremental energy is dispatched in
response to real-time imbalances. This means that there are
two relevant prices 1o be paid to generators. One is the price
paid for reserved capacity and the other is the price paid for
energy that is dispatched under certain defined conditions.
Since the generator cannot anticipate or control the amount
of energy it will be called on to produce, it is entitled 0 a
vanable energy pavment. Since balancing markets are likely
to be much smaller than day-ahead markets, 1t is essential
that market désigners and regulators ensure that reserve
generators do not achieve market power in these real-time
energy markets. '

Efficient dispatch may require some generating units that are
infra-marginal in the energy market to contribute towards the

[EEE Transactions on Power Systems. May 1999

207



Teserve requirements in a control area. These infra-marginal
units mav incur an oppertunity cost for setting aside a part
of their capacity to provide reserves instead of selling
energy in the competitive market. One approach to pricing
the reserve services is to simultaneously procure reserves
and energy in a single combined auction and compensate

- the—units—providing—reserves—at-their-opportunity—costs—help-bidders-satisfy-their-operationat requirements-but-they-

denived from the energy auction. This approach can work in
a market stiucture where the entity responsible for procuring
Ancillary Services is also responsible for operaung the
energy market

Another approach is to set up a separate auction for
procuring reserves. A separate reserve auction is better
suited for market structures where the Independent Svstem
Operator ([SO) is separate from the Power Exchange (P,
the entitv that operates the forward energy market This
paper discusses the competitive procurement of Anciilary
Services by an [SO under such a market structure.  Section 2
of the paper describes the operation of the dav-ahead
energy market. Section 3 discusses the California model for
procunng Anciilary Services while Section 4 presents the
role und the iinancial responsibilities of the purchasers of
the ancillan services. Section 5 describes how opportunity

costs are ineurred 1n providing reserves while Secuon 6

presents the structure of the reserves auction. Section 7
presents the interactions between the various energy and
ancillary services markets. Section 8 describes how ancillary
services are dispatched in real-time and Section 9 addresses
practical limitations of the proposed ancillary services
auction model ansing from market power concerns,

2. The Day Ahead Energy Market

Given the close relationship between the energy and the
ancillary services markets it is desirable to start by briefly
describing the structure of the day-ahead energy markets.
The market structure assumed in this paper consists of a
separate grnd operator or [SO and market operator or Power
Exchange (PX). This model has been adopted in California.
It is useful to begin with a conceptual description of the PX
energy auction. The PX auction is actually a series of 24
auctions. one for each hour, conducted simultaneously.
Generators submit price curves that describe their energy
offers as a function of price; the quantity of energy offered
must be a monotonically increasing function of price. Loads
submit simtlar curves which must be decreasing. The bid
curves may be different for different hours.

The PX aggregates the curves into aggregate supply and
demand curves for each hour. [t determines the point at
which each hour’s supply and demand curves intersect.
This point sets the PX Market Clearing Price (MCP) tor that
hour. The bid structure forces generators to bid as 1if their

wtal cost curves are convex (that is, the bid curves are
convex and if one assumes generators bid their costs then
they would be claiming to have convex total cost curves).
Furthermore, the PX auction model adopted in California and
discussed here recognizes no operational or inter-temporal
constraints. There may be iterations in the energy auction to

are not significant in describing the ancillary services
procurement model [2.3].

This means that the PX prices and associated dispatch

. patterns are not likely to lead to the conventional cost-

minimizing dispatch for each hour. Units need not bid pure
variable costs and are encouraged to internalize all physical
constraints, This helps reduce the opportunities for arbitrage
between the PX and the [SO’s balancing market and makes
the pricing process more transparent.

The goal of the PX auction 1s not necessarily to minimize
production costs but to facilitate trade. The PX auction is
intended to discover the prices at which parties are willing to
{ransact.

3. Procurement of Ancillary Services

The Ancillary  Services which the Califormia (SO is
responsible for procuring include spinning reserves, non-
spinning reserves, AGC, replacement reserves, voltage
support and black start’. The Western Systems Coordinating
Council (WSCC) definition refers to the first two as
operating reserves and the first three are as contingency
teserves [7]. Spinning reserves refer to unloaded generating
capacity that is on-line and synchronized to the system and
all of which can be made available within 10 minutes. Non-
spinning reserves refer to unloaded generating capacity that
can be made available within 10 minutes but is not
necessarily on-line or synchronized to the svstem. The
reserves and AGC services are usually provided by
generators by setting aside unloaded capacity in the energy
auction for possible use in real time by the 1SO. The first four
services can be procured by the ISO by means of daily
competitive auctions. These auctions occur after the PX
energy auction is completed. The sequence of the auctions
15 AGC, followed by spinning reserves, non-spinning
reserves, and replacement reserves. This sequence allows
capacity bids that are not selecied in.one auction {e.g. AGC)
to be considered in a subsequent auction (e.g. spinfing
reserves). The last two ancillary services, t.e., black start
capability and VAR support, are more suitable for
purchasing based on long-term contracis from among those
units physically capable of providing them. Spinning and

' The definitions of the various Ancillary Services used in
this paper are based on those used by the California ISO and
are consistent with standards set by the WSCC.

' IEEE Tfﬁns;zctl'ons on Power Systems. May 1999
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non-spinning reserve requirements for the SO are defined
by traditional reliability criteria (7]%. In addition, the ISO
needs to make sure it has enough capacity online for a well-
functioning balancing market. For this, the ISO may arrange
for replacement reserves which are defined as unloaded
generation capacity (not necessarily on-line) that can be

made available within 60 minutes,

One can interpret operating reserves as a call opuon’. The
"stoike price” associated with the call option could be the
energy price that is agreed to at the time of purchasing the
reserves. The exercise value of the option 1s the price that
would otherwise be paid for balancing energy. However. an
important characteristic of reserves, as distinct from financial
options, is that thev are procured not based on any dyvnamic
hedging strategy but based on preset reliability standards
defined bv NERC and WSCC that relate the reserve
requirement to overall generation.

4. Ancillary Services Seftlements

The costs incurred by the [SO for purchasing reserves can
be classified into two categories, (2) those that are mandated
bv reliability protocols, and (b) those that can be assigned to
the ISO°s customers as a function of their observed
performance and behavior. For our purposes it s sufficient
to assume that the ISO’s customers are represented by
Scheduling Coordinators
California energy market moedel. Since the reliability
requirements are proportional to scheduled load, the reserve
responsibility can be allocated pro-rata to Scheduling
Coordinators in proportion to their submitted schedules.

The one exception is the case of replacement reserves which
are procured (at least in part) on the basis of what the ISO
expects to be the difference between its own lead forecast
and the sum of the SC submitted schedules. In case the
replacement reserves are actually dispatched, their costs are
allocated to the Scheduling Coordinators in proportion to
positive imbalances”.

* The WSCC requires an operating reserve requirement ot 7
percent of scheduled demand in addition to any provisiens
made for interruptible imports and firm exports.

> A call option is a financial instrument that gives the holder a
right to buy the underlying asset at a certain time at a certain
price.

* A Scheduling Coordinator submits a set of balanced
generation and demand schedules to the [SO in the day-
ahead market and setties with the ISO for any imbalances in
the real-time market. The PX is also a Scheduling
Coordinator.

° For a given Scheduling Coordinator. an imbalance is
defined as the difference between the actual aggregate load

BEST AVAILABLE CQPY

(SCs)’ consistent with the
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5. Opportunity Costs

Before proceeding with the design of an auction for
reserves, it is important to understand the structure of the
costs incurred in providing reserves. There are two types of

e —2 0815~ that—must—be —represented.—These —include —the —

opportunity costs of providing reserves and the costs
incurred in case the generator is actuallv dispatched. To
understand how opportunitv costs arise, consider the case
of a single reserve category. spinning reserves. We use
spinning reserves as a prototype to motivate the analysis
but the same logic applies to other ancillary services sharing
the charactenstic that capacity is reserved in advance and
then used as dispatched generation in real-time. '

Suppose that for a given hour the system load requirement is
6000 MW and that the spinming reserve requirement is 200
MW, Assume that 3600 MW of demand is met by a base
load nuclear plant operating at full output. For the remaining
400 MW of demand and the 200 MW of spinning reserves.
there are two units A and B with mcremental energy bids of
4¢/kWh and 5¢/kWh respect;.'-.'e‘y and a capacirty of 360 MW
cach. [n the absence of anv ramping rate limits, the econemic
solution would be to dispatch unit A at 1ts upper irmit of 300
MW and unit B at 100 MW, Unit B would provide the
spinning reserve from its unloaded capacity. Since unit B is
the marginal unit in the energy dispatch, it does not incur
any opportunity cost in providing spinning reserves.

Next assume a more realistic scenario where both units are
constrained by ramping rate limitations, each is able to
provide a maximum of 100 MW in 10 minutes. In this case,

the spinning reserve must be provided by both units and

both are dispatched at 200 MW, Unit A is an infra-marginal
unit, that incurs an opportunity cost to be able to provide
spinning reserves. In current operation, it is cormnmon to see
infra-marginal units incurring opportunity costs in providing
reserves during peak load hours. This suggests that bidders
should be allowed to bid in a competitive auction for
reserves their assessment of opportunity costs in terms of a
capacity reservation bid.

The one case where a capacity bid mav reflect actual costs
instead of opportunity costs is AGC. AGC requires a
generator to operate at a level higher that its minimum
output, in order to allow movement of the unit in downward
as well as upward directions. For example a unit with costs of
3 o/kWh would not normally operate at levels higher than 1ts
minimum output when the price in the energy market falls
below 5 o/kWh. In order for it to do so, it is entitled to bid for

and actual aggregate generation. An imbalance is positive
when actual load exceeds actual generation,

[EEE Transactions on Power Systems. May [999
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a capacity payment to cover the actual costs the unit may
incur.

6. The Reserves Auction

This section presents the basic structure of an auction for
competitively procuring anciilary services. The proposed

~ tnarKet SEFUCTIre ASSumes That There are separate acrions for—re. Qis the quantity of reserves.offered by resource £, R, ...

gach category of reserves (spinning, non-spinning and
replacement). Each bidders submits a separate capacity bid
R, (3/MW), and energy bid E ($/MWh) for each service.
Successful bidders are paid a capacity reservation payment
that is intended to retlect their opportunity costs. Bidders
are also paid for energy if they are called on to provide it in
real time. Depending on the specific case {as determined
later 1n this section by the value of a weighting factor x) this
energy price can be the real-time market price or a “strike
price” as if an option were being exercised in the real-time
balancing market.

The auctions for reserves differ from the PX auction in one
very important aspect. The goal of the PX auction is to
facilitate trade because there will be many. participants on
both sides, i.e.. buyers and sellers®.  Ancillary services are
fully the 15O s responsibility, so the [SO acts as the single
purchaser in reserve auctions to meet its reliability
obligations. [f the purchaser of energy from reserves could
be identified in advance it could be forced to schedule
capacity. Because the “energy purchase” is a random event.
the [SO as the agent for all market participants buys the
reserves according to a preset formula. As a single buyer
the ISO can seek to minimize its costs; the formula that
governs the purchase should prevent strategic withholding
of reserve demand.

An important property of opportunity costs is that the more

infra-marginal a unit (the deeper in the loading order), the

greater its opportunity costs in providing spinning reserves.

Thermal units’ capacity reservation bids should reflect their
opporiunity costs, which in tum reflect lost profit (market
energy price minus marginal cost). The capacity reservauon
bids R; should be inversely related to the energy bids E. of
energy bids are cost-reflective as they ought to be 1n a
competitive market. Thus, to minimize the expected cost of
reserves, the [SO cannot consider only the capacity or only

the ¢énergy bids, but must estimate the probability that

reserves will be utilized in real-time. . [t must include a
probability factor represented by a parameter x in the bid

evaluation, i.e., bids are ranked on the basis of R~xE. In

order to keep the auction transparent, X must be set by the

SO prior to bid submuission,

® The PX energy auction is a double auction while the ISO"s
ancillary services auctions are single sided auctions.

The ISO’s reserve auction can then be expressed as the
following cost minimization problem:

{mlnz (R +xE )Q IZ Q _QW'Q =Q™}

and E are the associated capacity reservation and energy
bids, and Q™" is the maximum capacity that the resource can
offer based on its ramp-rate. Q"% is the quantity of reserves
that neids to be procured. '

Next alternative auction designs are examined corresponding
to different values for the parameter x.

The ix = 1) case:

By setting x=1, the ISO can determine the maximum extent of
its pavments [1]. Under assumpuions of cost revealing bids.
the x=1 scenario allows a bidder to be indifferent between
providing spinning reserve or energy. Successful bidders are
paid a capactty payment at a price C, where

C,=max {R +E}-E

i}
and £21s thc: set of all successful bidders. Theyv are paid their
energy “strike price” E for any energy thev are called upeon
to generate in real-time.

The (0 <x<1) case;

In the design described in [2], the ISO proposed an auction
loosely based on the notion of purchasing call options on
the real-time balancing market. In order to pursue a cost
minimizing bid evaluation, the ISO would use an unbiased
estimate of the probability x (between 0 and 1). [n this case,
the bids are ranked according to R; +xE,. Successful bidders
are paid at a price

C, = max {R, +xE } -xE,
A reserve generator is paid its energy “strike price” B if it is
called upon to generate in real-time, irrespective of the
balancing market price.

The {x=0) case:

The (0 £x = 1) case may be criticized as being too complex
and susceptible to being gamed. It is only an approximation
10 the true cost minimization, as the probability of calling
upon a successful bidder to generate 1n real-time is likely to
vary according to the energy bids. Presumably. intelligent
bidders could game this market structure to increase their
revenues. One scenario involves bidders lowering their
energy bids in order to increase their capacity payments.
However, this also increases the probability of the bidder’s
getting called upon to generate in real-time. Ideally, a bidder
would like to lower its energy bid as much as possible
without aitering its position in the merit order stack. Finally,
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the option-based case does not result in a uniform price for
reserve capacity payments making it less transparent.

An alternative design, is to rank bids solely on the capacity
reservation: ie., the ISO takes bids in order of reservation

bids. and pays each successful bidder the highest
reservation bid among those accepted.

.. Since the energy-bids-are tgnoredin the bid evaluation, there
15 less justification to consider them as fixed strike prices. It
meght appear reasonable to assume that the reserve units are
price-taxers in the real-time market, i.c., they cannoi set the
real-time price which thev must accept. Clearly if all reserve
units are price takers (and there is no obligation to replace
reserves that are used), the ISO could end up dispatching all
the reserves without impacting the real-time price.

To soive this problem, reserve units are deemed to bid their
(preset: energy prices into the balancing market plus any
additional costs the ISO may incur. Reliability Council
requirements mandate that the ISO should replace spinning
reserves that are used in real-time within the hour (i.e.. if
energy s taken from a spinning reserve unit, the 1ISO needs
to procure additional spinning reserve within a certain ume-
frame :in order to get its reserves back to the WSCC-
mandated level). The 130 must factor the cost of such
replacements into dispatch decisions. To do so, the energy
bids are increased by additional costs such as capacity
replacement.

Under this design, energy bids are predetermined, but not
payments. For their generation, bidders will be paid the
uniform balancing market price. This might seem counter-
intuitive from a cost minimization perspective. However, it
emerged as the best alternative in the California electric
industry restructuring debate under the assumptlons of a
competiiive real-time market.

The three alternatives for bid evaluation are illustrated by |
using a sumple example. Suppose there are three generating
tnits that submit bids as shown in Table 1 into the spinning
reserves auction.

Table I Bids for spinning reserves auction

Unit Ri Ei Ramp-Rate Unloaded
S MW) | (S MWh | (MW/min) capacity
) (MW)
] 4 35 10 120
2 5 2 10 100
[ 3 i2 20 10 100

Suppose that the ISO needs to procure 180 MW of spinning
reserves. Depending on the value chosen for x. the outcome

of the auction can be different. The resuits of the [SO's
auction for different values of x are shown in Table 2 and
Table 3. Table 2 shows the selected quantities and Table 3

shows the capacxty pnces that are paid to the selected
bidders. -

Selected MW quantities
X Unit | Unit 2 Unit 3
0 100 30 0
0.3 80 100 0
| 0 100 30 |

Table 3: Capacity paymenis to successfil bi&cbm

Capacitv price C, ($/MW)

% Uncl | Umtz | Goics
0 5 5 0
03 5 05 0
[ 0 10 {2

The analysis put forth to support this altemnative assumed
that sreserve bidders would bid their true energy costs, and
that their capacity reservation bids would be the
corresponding opportunity costs. Those assertions were
based in turn on the assumption that the reserve market
would be competitive as well as the market for balancing
energy.  That second assumption may not hold if
opportunity costs are large enough that non-reserve units
are eliminated from the balancing market Therefore, the
argument against an explicitly cost-minimuzing solunen is
less compelling than in the case of the PX auction.

7. Interactions Between the Various Markets

The ancillary services markets are embedded in a series of
energy and capacity markets including the forward energy
markets (day-ahead and hour-ahead) and the real-time
balancing market. It important to manage the interactions
between the two markets.

For example, the ISO is responsible for ensuring reliability.
Therefore it needs to make sure there is sufficient generation
avatlable 10 match with demand spikes. [t buys that energy
from the real-time market but because there 1s no price set on
refiability (and no known cost for failure to serve) it cannot
assume that the real-time price will suffice to secure
sufficient supply. Therefore, the ISO may have to schedule
replacement reserves, in excess of the WSCC requirement for
reserves, to ensure liquidity in the real-time market.

{EEE Transactions on Power Svstems. May 999
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Just like generators, loads can choose between the forward
and real-time markets. In other words, a load without
prescheduled supply can just choose to appear in the real-
time market. In fact, if forward prices exceed incremental
costs but real-time prices do not - because they are based
on incremental bids from already-operating units, or because
 fixed costs of operation are covered by reservation

4 Price

R
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:

Generation > Load Load > Generanon

payments — we should expect massive desertion of load from
the forward markets into the real-time markets. The solution
for mitigating against this possibility that has been put
forward is to make reaitime market load deviations
responsible for replacement reserve capacity payments [2.3].

There are also relations between the various reserve markets,
and the real-time market. The [SO may not always be able to
choose the cheapest source of energy from the real-ume
market. For example, a unt receiving capacity reservation
paymenis as replacement reserve, while 1t may have the
lowest energy bid among available generators, it may not be
able to respond to the [SO’s call in a umely manner. The ISO.
may have to take a spinning reserve umit instead. On the
other hand, the [SO will probably try to avoid taking energy
from spinning or 10-minute reserve unpits whenever possible
because of the high associated replacement costs.

This means that when the ISO looks for real-time generation
it looks only at a subset of the available balancing units.
However, one cannot consistently identify the relevant
energy market as associated with a particular reserve
category., Thus, the size of the “reserve energy market” is

small, raising market power concerns;, these concerns, albeit -

serious. are hard to quantify.

8. Dispaich of Ancillary Services

All schedules received by the ISO from the PX and other
SCs are balanced. In real-time, deviations from scheduied
generation and load levels are inevitable, either as a result of
normal load and generation variation or as a result of larger
unplanned outages, or as a result of strategic decisions by
market participants. Such uninstructed deviations from
schedules result in an energy, imbalance that is manifested in
the Arsa Control Error (ACE). The generators on AGC are
the first to respend to the imbalances. This action takes
place within a time-frame of seconds. In order to pericdically,
restore the AGC units to their set-points, the ISO must
procure ensrgy by means of imstructed deviations from
resources that have submitted the appropriate "energy
price/quantity bids to the [SO. This action takes place on a
slightly slower time-frame. say every ten minutes. The
energy bids (B) from the various resources including the
three types of reserves can be aggregated to form a supply
curve as shown in Figure 1.

Fz’gure I: Supply curve for real-time dispatch

Every ten minutes, the SO conducts a single sided auction’

for buying or selling energy depending on whether there is
excess demand or excess generation in the svstem. In this
sense, the reserves are used along with other available
resources in the real-time balancing market. The highest
price resource used in the interval sets the price for that ten
minute interval. A weighted average of the ten minute prices
15 calculated at the end of the hour o apply to ali
uninstructed deviations. A detatied description of the real-
time market is bevond the scope of this paper.

9. Market Power and Regulation

In order to secure the regulators’ permission to sell energy at

market based prices, utilities tvpically must present a

detatled apalysis showing the absence of market power.

Similarly, they must show that they lack market power in the
ancillary services markets in order to be able to sell ancillary

services at market based prices. There have been few, if any,

attempts to analyze market power in the case of anciliary
services. This means that utilities must agree to accept cost-
based rates for ancillary services and particuiarly for reserve
capacity. However, determining the cost based rates can be
equally arbitrary. Moreaver, by choosing a single price to
serve as an upper bound or cap for all the hours creates
more probiems than it solves, For example in peak hours the
opportunity cost of supplving spinning reserves for a
generator can be higher than the cost based cap. This would
eliminate incentives for infra-marginal generators o make
unloaded capacity available for reserves instead of
supplying energy. The net consequence would be a shortfall
in ancillary services. On the other hand, in off-peak hours,
because of the acknowledged possibility of market power, it
is quite possible that the prices for reserves could approach
the cost-based rates, which can be higher than the
competitive prices. This observation seems o be the case in
the initial experience in the Califorma market. The prices and
quantities for spinning reserves are illustrated in Figure 2 for
a given day. The prices throughout the day were at or near
the bid caps. During the hours 1-6 and 22-24, the prices were

at or near 7,40 /MW and during the hours 7-21, the prices

T At any given instant, the [SO is etther buving or selling
energy. The 1SO does not attempt to optimize the dispatch
by s1multaneously selling and buying energy.
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were at or near 9.50 $MW*. The quantities procured in the
hows 7-21 were less than in the lower priced hours,
suggesting insufficient supply at the capped prices. In
cases of such price-cap induced shortfalls, the ISO may be

forced to rely on the increased use of generators on long-

term Reliability Must Run (RMR) contracts, at costs that can

—oe—gasily-outwergh-any-savings-that result-frem-the-price-caps.
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under the assumptions of a well functioning and competitive
market:
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Figure 2: Spinning reserves market results

The reserve capacity markets are only loosely coupled to the
other parts of the restuctured energy market. The real-time
balancing market, on the other hand. is much more closely
related to the forward energy markets. Balancing energy 1s
freelv substitutable for forward energy. On the other hand,
balancing energy is supplied largely from units receiving
reserve capacity reservation fees. If the regulators accept
that utility market power is mitigated in the forward energy
market, but not in the ancillary service market, where does
the real-time market fall? A determination that bidders in the
real-time market can only receive cost-based rates can have
serious repercussions on the prices in the forward energy
markets. '

10. Conclusion

Competitive markets for electricity require competitive
markets for reliability or ancillary services. This paper
presents a market structure for the competitive procurement
of such services and discusses the role of the opportunity
costs incurred in providing these. The design of an auction
for ancillary services such as reserves presents -an
interesting dilemma between strict cost-minimization and
efficient incentives for bidders. The proposed design seeks
to choose efficient incentives over strict cost-minumization

¥ In the actual implementation of the California [SO's ancillary
services auction only those bidders that are not subject to
price-caps are eligible to receive the market clearing price.
Bidders subject to price-caps are paid according to their
bids. This departure from a unifoerm price auction mayv also
contribute to an increase in prices.
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Abstract

This paper describes the design of a market that can be
uzed by an Independent Svstem Operator (1SG} to
perform the real-time balancing of demand and supply n
the electric power grid. Although. the real-time balancing
function is commen to all [$Os. there are many different
approaches that can be used to price it. The approach
described in this paper formed the basis for the design
of the California [SO’s real-time electricity market.

Introduction

A5 the electric utility industry restructures, the
responsibility for operating the power system is shifting
to Independent System Operators (180s). One of the
primary responsibilities of an ISO is the real-time
balancing of demand and supply. This function deals
with the management of energy imbalances, which are
defined as the difference between aggregate supply and
demand in real-time. Management of imbalances requires
the use of generation resources whose response may
varv as a function of time. Since an [SO does not own
anv generation resources, it must procure this service in
a non-discriminatory manner from resources that belong
1o multiple owners such as existing utilities, independent
power producers and other competitive generation. In
some instances, responsive demand may also
participate. This service may be procured by organizing
a market for Ancillary Services, through long-term
contracts or through the introduction of appropriate
price incentives in real-time operation [4.5].

This paper focuses on how Ancillary Services and other

available resources can be used in real-time .for
managing energy imbalances. There are two distinct
siructures that can be used for designing a market to
manage energy imbalances. Under either structure, the
[SO needs to have at its disposal the appropriate
resources which are capable of providing Ancillary
Services such as operating reserves and Automatic
Generation Control {AGC) along with any Supplemental
Energy thev may have available from unloaded

generating capacity  Under the first structure, the [SO
dispatches resources on the basis of their bids and rolls
the incurred costs inte an uplift that is allocated pro-rata
to all customers. This structure, which has been used in
the UK, does not explicitlv make use of any “real-time”
price signals. Instead, it seeks to mimmize the uplift
costs by imposing penalties on resources that have
uninstructed deviations' from their final schedules
established in the short-term forward market®. Under the
second structure, the [SQ seeks to operate a “real-time”
market with transparent market clearing prices. These
prices are intended 1o provide appropriate incentives for
participating resources to manage their uninstructed
deviations in a manner that is consistent with the goal of
reducing energy imbalances to zero. The regulating
markets in Norway and Sweden and the real-time market
in California are examples that fall under this market
structure. ' ’

Market Structure

The market structure assumed inthis paper involves an
[SO and a set of independent. Scheduling Coordinators
(SCs) that represent generators and load [1,2]. The 5Cs
are responsible for submitting schedules tothe ISO on a
day-ahead basis for each hour of the operating day. The

‘schedules submitted by  SCs may involve inter-SC

trades. They reflect decisions about generation and
demand levels based on the trades that occur in each
8C's market. The following rules and observations hold
with respect to the market:

Uninstructed deviations are deviations not requested
by the [SO. Instrucied deviations are procured by the
ISO in response to the energy imbalances caused by
the uninstructed deviations. All schedules in the
forward market are assumed balanced.

The short-term forward market is assumed to operate

rd

on a day-ahead basts with hourly (or half-hourly)

prices.
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1. All forward market schedules (including inter-SC
trades) submitted to the ISO are balanced on a SC-
by-SC basis;

2. In real-time, an imbalance can occur between

demand and supply in each SC’s portfolio due to -

deviations from schedules established in the

for creating incentives to respond to the ISOQ’s
instructions.

2. Revenue adequacy for the ISO: This criterion is

relevant if more than one price is used 10 settie

imbalances. It requires that the sum of all payments

o forward THArkets: Such imbalances in the aggregate

are retlected in the Area Control Error (ACEY;

(V2]

Anyv aggregate energy imbalance must be restored
to zero. The process of restoring the energy
imbalances 10 zero involves the procurement of
imbalance energy by the ISO.

The procuremeni of imbalance energy through
compeutive auctions is the primary focus of the paper.
Additionally, the following observations hold for energy
imbalances:

. Atanv given instant (or more appropriately. in any
given dispatch interval} an energy imbalance is
cither positive or negative, but not both. Positive
imbalances occur when supply exceeds demand,
and negative imbalances occur when demand
exceeds supply.

o

Individual demand and supply schedule deviations
may be instructed or uninstructed. /nstructed
deviations are those requested by the 1SO, while
uninstructed deviations are those not specifically
instructed by the 1SO. Uninstructed deviations
occur due to forecasting errors and normal
variations of generation and load from scheduled
levels. unplanned outages, strategic behavior by
market participants ete.;

3. At any given instant (or more appropriately, in any
dispatch interval), the sum of instructed and
uninstructed deviations adds up to zero.

In designing a real-time market, two basic issues that
must be addressed are, {a) determine the appropriate
interval for price calculation and settlements for
deviations, and (b) determine the price in each interval.

Design Criteria

The following criteria may be used to evaluate the
design of the real-time market:

|.  Revenue adequacy for bidders: Revenue adequacy
for bidders requires that all bids accepted by the
[SO in reai-time are compensated at prices that are at
least equal to their offered prices. This is necessary

* This excludes inadvertent interchange,

deviations (instructed and uninstructed) adds up to
zero in a given settlement period (say each hour).

3. Price stability: This criterion is essential for every
well functioning market, It is related to the
relattonship between actual imbalances and prices.
For example, as demand exceeds supply. the pnee
should increase, and as supply exceeds demand. the
price should decrease [3].

4, Absence of cross-subsidies: This criterion is
umportant for providing the proper price signals and
for reasons of equity. It relates to proper
measurement of energy imbalances so that the costs
associated with the procurement of imbalance
energy can be allocated to those market parucipants
that cause the imbalances.

5. Susceptibility to gaming: For operational reasons.
it may be undesirable to have speculators in the
market that create large uninstructed deviations,
particularly if there are obvious opportunities for
arbitrage that can be exploited. Large deviations
may increase the risk of large imbalances and hence
impose a greater operational burden on the ISO.

6. Simplicity and Transparency: This criterion is
important for facilitating the development of any
new market.

Interaction among Resources

The resources that participate in the real-time market are
generators and loads that are able to adjust their output
in response to ISO’s dispatch instructions. These
resources may differ in terms of the time frame of their
response. They may also be classified by the type of
service into two sets; (a) resources whose capacity has
been procured ahead of time as Ancillary Services, and
(b) resources whose capacity has not been procured
ahead of time but is available for use in real-time. The
former set includes different categories of reserves: (i.e..
spinning, non-spinning, and replacement reserves) and
Automatic Generation Control (AGC). The latter
category ncludes resources referred to as Supplemental
Energy resources. However, for the purposes of this
paper it is more appropriate to classify the resources that
participate in the real-time market according to their time
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Figure 1: Interaction of different resources in the real-time market

response into (a} AGC resources that respond within
seconds. and (b) Reserves and Supplemental Energy
that respond within minuies of the ISO’s dispatch
instruction.

Figure | illustrates the interaction between the various
categories of resources in the real-time market.
Uninstructed deviations from schedules result in an
energy imbalance that is manifested in the [SO's Area
Control Error (ACE). The generators on AGC are the first
to respond to such imbalances, This action takes place
within a time-frame of seconds. In order to pericdically.
return the AGC units to their set-points, the ISO must
procure energy by means of instructed deviations from
resources that have submitted the appropriate energy
price/quantity bids- for the-imbalance energy: auction.
This action takes place on a slightly slower time-frame,
say every ten minutes. The energy price bids from the
various resources, including the three types of reserves,
can be aggregated to form a composite supply curve, as
shown in Figure 2.

.
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Figure 2: Supply curve for real-time dispatch

In everv dispatch interval, say every ten minutes. the
ISO conducts a single sided auction' for buving or
selling energy depending on whether there 15 excess
demand or excess generation in the system. In thus
market design. the reserves are used along with other
available resources in the real-time balancing market.
The resource with the highest energy price used in the
interval when the ISO buys imbalance energy sets the
price for instructed deviations in that ten-minute
interval. Similarly, the resource with the lowest energy
price used in the interval when the ISO sells imbalance
energy sets the price for instructed deviations in that
ten-minute interval, A weighted average of the ten-

"minute prices is calculated at the end of the hour 10

settle all uninstructed deviations.

Imbalance Energy Procurement: a Series of Auctions

The real-time market can be considered 1o be a series of
single sided auctions’ conducted by the ISO at the
beginning of each dispatch interval. Some of these
auctions are conducted with buvers, and some with

4 In any given dispatch interval, the ISQO is either
buving or selling energy. The ISO does not attempt to
optimize the dispatch in a given interval by
simuitaneously selling and buying energy.

In a single-sided auction there are buyers or sellers,
but not both. [n a double auction, there are both
buvers and sellers. The ISO’s role in the real-time
market is limited to managing 1mbalances and
restoring them to zero, as oppased 10 truly operating
a market for economic trades.
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sellers. Sellers’ auctions are conducted during supply
deficits, and buyers’ auctions are conducted during
demand deficits. The quantity being auctioned by the
ISO in any given auction is equal to the imbalance
energv that the ISO needs to procure based on the net
deficit in supply or demand.
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It mav be impractical to set a clearing price for the
purpeses of settlements cerresponding te every auction.
This mav result from two factors. First. the large majority
of uninstructed deviations are not metered at a
frequency that equals the dispatch frequency, e.g.,
every ten minutes. Second, the sheer volume of doing all
settlements at the dispatch frequency may be too
cumbersome. Thus settlements may be performed on a
somewhat siower time scale (say T).* The problem lies in
defining a suitable T and in calculating a price for
settiements with the winning bidders in all the auctions
within a time period T. The possible range of choices for
T can vary in multiples of the dispatch interval from 10
minutes to | hour.

Price Determination for Instructed Deviations

The secuion discusses principles for determining the
price that applies to instructed deviations. There are
three possible cases to consider when defining the price
tor the settlement period T.

Case I: All auctions within the time period T are with
sellers”. In this case, the highest accepted bid among all
the auctions within the period T can be used to set the
price. Figure 3 illustrates a case where two auctions are
cleared at a common price P2, which creates an
addinonal profit or surplus of QIx(P2-P1) for winners in
the first auction. The larger the time interval T, the more
auctions clear at a common price and the greater the
increase n the sellers’ surplus.

In the Norwegian and Swedish regulating markets
aperated by Stattnet and SvK respectively, this time
interval 1s one hour.

This is equivalent to saying that at interval T. the [SO
requests the relevant generating units (loads) to
increase {decrease) their outputs (consumption).

Figure 37 Two auctions with sellers that clear ot a

uniform price set equal to the highest accepted bid in
both auctions.

Case 2: All auctions within the time period T are with

buyers®. Here, the lowest accepted bid among all the

auctions can be used to set the price. Figure 4 shows a
case in which two auctions clear at a common price P1i.
resulting in an additional increase in the consumer
surplus of QIx(P2-P1). Once again, the larger the time
interval T, the more auctions clear at 2 common price and
the greater the increase in the winner's surplus.

P2 |

Cleanng Price P
for oeth auctions

[» Q2

Figure 4: Two auctions that clear at a uniform price set
equal 1o the highest accepted bid among both auctions.

Case 3: Some auctions are with sellers and some with
buyers within the time period T. These may be classified
into two sets, A and B, of buyers and sellers,
respectively. Here, it is difficult to set a single price to
setile with all the winning bidders and also satisfy the
criterion of revenue adequacy for bidders. The possible
choices for price calculation are:

a) Establish two prices for each time interval T, one
for set A (buyers) and one for set B (sellers) ? Fach
price is determined as described in Cases 1 and 2.

This is equivalent to saving that in interval T. the [SO
requests the relevant generating units (loads) to
decrease (increase) their outputs (consumption),

This is similar to the approach followed by Svi, the
Swedish grid operator. The imbalances in the system
are classified into two categories: active and passive
deviations.  The active deviations are sales and
purchases authorized by the ISO, while the passive
deviations are sales and purchases not expilieitly
authorized by the ISO. Two prices are set for each
hour, one for active sellers (and passive buyers) and



b) Establish a single price based on a pre-determined
rule. The rule may be to use set A, set B, or the
larger of the two. Side payments to ensure revenue
adequacy for the winning bidders in the set not
used to set the price may also be considered.

_¢)__Choose a time period T that is small enough to

competitivelv using a two-part bid format that consists
of a capacity reservation price and an energy price
[1.2,5]. Supplemental Energy bids use only an energy
price and have no reservation payments.

The AGC service differs from the reserve Ancillary

Services In at least two significant aspects. First, the

aveid Case 3 occurrences. Clearly, if T is defined to
correspond to the dispatch interval, such avoidance
is easy. Choosing & shorter time interval also has a
significant effect on the surplus. If T 15 equal to the
dispatch interval, the price is the result of one
auction only. and therefore. the additional surplus is
eliminated.

Case 3a is the basis for the design of the real-time market

in Sweden, and appears to satisfv many of the design

criteria discussed earlier. [t results in revenue adequacy
far both the bidders and the [SO. and seeks to limit the
role of speculators thereby minimizing gaming. It may be
viewed as a design that offers a generous reward for
fallowing the 1SO’s imstructions and a penalty for
anmstructed deviations from schedules. Since. some
degree of uninstructed deviations are inevitable, this
svstem would provide an incenuve for introducing de-
centralized management of energy imbalances.

[n case 3b it might seem reasonable to choose the larger
of the sets A and B to set the price for interval T. Thus,
durmng an hour where the ISO increments most of the
resources adjusted in real-time, it might make sense to
set the price based on the highest bid used. On the other
hand, in an hour in which the ISO decrements most of
the adjusted resources, the lowest bid selected might be
used to set the price. Furthermore, if the ISO makes side
pavrnents (“offer shortfall compensation™), it might be
acceptable to use an average price instead of the highest
or lowest prices.

Case 3¢ forms the basis of the design of the real time
market operated by the Califomia ISO. [n this design.
wnstructed  deviations are settled at each dispatch
interval, which is currently set equal to 10 minutes. This
Jesign is further discussed t the remainder of the paper.

Revenue Adequacy for AGC units

The resources that participate in real-time balaneing, and
consequently in the ISO’s real-time auctions include
units that provide Ancillary services (e.g., the different
reserve categories and AGC), and Supplemental Energy.
Ancillary Services are assumed t0 be procured

one for active buvers (and passive sellers).

AGC service.corresponds o a faster time frame than the

reserves. Second, AGC allows for bi-directional
adjustment of a generating unit’s output (up or down}.
AGC units are continuously responding to the changes
in the system load. A given AGC unit’s output level may
drift with time towards its minimum or maximum limit. If
the AGC unit’s output reaches a limit, its output level is
frozen and the unit becomes ineffective (at least
remporarily) for lead balancing. The likely course of
action taken by the [SO is to restore the AGC unit’s
output to it nominal set-point {e.g., in the middle of the
regulating range) creating a net imbalance to be met by
the reserves and supplemental energy units'®. The net
consequence is that no matter how short the interval T
is chosen, the inclusion of AGC units in setting the price
for that interval would preclude sausfving the
assumption in Case 3¢. This raises the question of how
1o ensure revenue adequacy for AGC providers. One
possibility is to compensate the AGC units on the basis
of their energy price bids instead of the common clearing
price for interval T, ensuring that the units are revenue
adequate even if the price in interval T is lower than their
offered energy price. Another possibility is to let the
AGC bidders internalize the risk of revenue inadequacy
within their capacity reservation price."

Price Determination for Uninstructed Deviations

In developing the design for calculating the prices that
apply 'to uninstructed deviations, we make two
assumptions: :

{. It is possible to measure or meter the instructed -

deviations in each dispatch interval,

2. Uninstructed deviations can only be metered hourly
(i.e., they cannot be metered in each dispatch
interval).

0 At times. the [SO may find it useful to introduce a bias
to the AGC unit’s nominal set-point in order to
increase its available AGC capability.

" This might be a reasonable approach, particularly if
the net energy provided by AGC units is small. The
net energy is likely to be smaller if the time interval T
is large.

20



The consequence of these assumptions is to create two
frequencies for settiements. The instructed deviations
are settled in each dispatch interval, and the
uninstructed deviations are settled less frequently every
hour. In the Califomnia ISO’s design, the dispatch
interval is ten minutes. For the ISO to be revenue

. adequate, the hougly price for uninstructed deviations  To make the hourly. price bear some resemblance to.the.........

can be set equal to the weighted average of the six 10-
minute prices, as follows: '

Hourly ex-post price = 27—: Pi 9,

q;

where p;is the price m interval i, and ¢ is the quantity
(positive or negative) of imbalance energy procured in
interval 1. However, this design is far from perfect. For
purposes of illustration, consider the case where there
are only two time intervals to consider. Further, assume
that in the first interval the ISO decrements resources
and in the second interval the [SO increments resources.
Figure 5 illustrates the case where the quantity of
decrement and increment happens to be equal in cach
interval. The 130 is first selling imbalance energy at the
price pl, and then buying the same amount, but at the
price p2. Although the net imbalance energy within the
hour is zero, the ISO still incurs a net cost of p2=q2-
plxql or (p2-pl)=q, where q=ql=q2. Since there is no
measured imbalance when both time intervals are taken
together, the question of calculating an imbalance
energy price becomes moot. The ISO’s cost of procuring
imbalance energy has to be recovered on a basis other
than measured 1mbalances.

Price

p2
p1

Quantity
1T
P2

Figure 5. decremental and incremental

quantities

Equal

A related example illustrates the equity and cross-
subsidy problems associated with this approach.
Consider a load with unusually large fluctuations (e.g.,
an arc furnace) that necessitates the [SO’s procurement
of imbalance energy settled and paid for in each ten
minute interval. At the end of the hour, the net

uninstructed deviations are measured to be small, and
result in an unusually high hourly price for uninstructed
deviations. It is unfair to apply this high price to those
uninstructed deviations that imposed little burden on
the ISO but did not cancel out to zero.

10-minute prices, the calculation of the hourly price may
be done as follows:

. ¢ PilYy I
Hourly ex-post price = Z E;-i—q‘—
v i=1
?qi|

However under this approach. which has been adopted
by the Cabformia [SO, the [SO is no longer revenue
adequate and may need to recover any revenue shortfall
through a separate balancing account.

The use of two different prices for instructed and
uninstructed deviations that are based on marginal and
average prices sets up arbitrage opportunities that mayv
impose additional burdens on the operations of the [SO.

The Impact of Transmission Congestion

The impact of congestion is to split the ISO's real-time
market into separate areas, referted to as congestion
regions that are intercomnnected via congested
transmission paths. Imbalance energy is procured by the
IS0 separately in each region, to meet the uninstructed
deviations on a region-by-region basis, without
increasing congestion any further. Consequently,
separate prices are calculated for each region. The
additional complexity that must be addressed relates to
price calculation for uninstructed deviations when the
occurrence of congestion varies within the hour. For
example, congestion may exist on certainl transmission
intertaces only for a fraction of the howr. Therefore,
congestion regions become dynamic as congestion
conditions vary within the hour. A detailed discussion
of this issue is beyond the scope of this paper.

Numerical Example

Consider the following example where four resources
compete for providing imbalance energy, and assume
that the scheduled generation is falling behind actual
load in real time. Table 1 lists the offered MW quantities
and prices. and the dispatch instructions at each of the
10-minute intervals within the hour. The dispatch
instructions are relative to the schedules, and thev ase
selected, based on merit order, to meet the [SO
imbalance energy requirement at each interval. The



Table 1: Numerical example

B 1Z2MW | 815/ MWh

C IS MW [ S12’'MWh | 18 MW
113 MW

D 24 MW | S10/MWh 24 MW

MCP S10/MWh | $12/MWh | S15/MWh S15/MWh{ S20/MWh | S20/MWh

Total MW I2MW | 30MW | 48MW | SAMW | 60MW | 66 MW | 66 MW

Toral MWh C MW S MWL EMWh S RWE 1 re MW FL E MWE |45 MWh

Market Cleanng Price (MCP) 1s set to the highest
accepted price 1n each interval. These prices are used for
instructed deviation settlements, as follows:

A RO+ 2220= : $60
B IxI5+2x15+ 220+ 220 = 3125
Cix12+3x]5+3x15+ 320+ 320 = $222
D: 210 + 412 + 415 + 415 + 420 + 420 = $348
Total: $755

The average hourly ex post price used for uninstructed
deviation settlements is calculated as follows:

2310 +5x12 +8 XI5+9 x15+10x20+11x20
45

—Z-S-D-—$1678/MWh
45

Since the net uninstructed deviation is 45 MWh, the [SO
will collect from that settlement:

45x16.78 =§755

In this example, since the ISO was buying imbalance
energy in all dispatch intervals, the real time settlements

for instructed and uninstructed deviations result in
revenue adequacy and there is no need for a balancing -

account.

Conclusions

The paper describes the design of the real-time market

that can be used by an Independent System Operator

(ISO) to perform real-time balancing of demand and
supply in the ciectric power grid. The design described
in this paper can be interpreted in terms of a sequence of
single-sided auctions for imbalance energyv. The
participation of different categories of resources such as
reserves and AGC in the reai-ime market has been

discussed in the paper. Calculation of two different sets
of prices to settle for instructed and uninstructed
deviations has also been discussed.

Disclaimer

This paper does not necessarilv reflect the views of
PG&E Energy Services or the Pacific Gas and Electric
Company. All errors and omissions are the sole
respensibility of the authors,
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SPANISH SYSTEM. Overview (1)
Peninsular System {1 999}

Maximurn peak load 31 247 MW

Gross electricity demand 184 239 GWh

Generation: TOTAL SYSTEM ENDESA
Installed power 43 662 MW 45.4%
Nuciear 7 686 MW 7.4%
Coal 11 238 MW 14.0%
Fuel - gas 8214 MW 7.4%
Hydro - pumping © 16 524 MW 16.6%

Transmission system:
400 kV cireuits 14 538 km
220 kV circuits 15 866 km

27



FORUM ON ANCILLARY SERVICES. WARSAW, February 2224

SPANISH SYSTEM. Overview (2)

Peninsular System

Generation Liperalised activity. Competence
Transmission Regutated activity
Distribution Regulated activity

Commercialisation  Eligible clients, V>1 kV{July 2000). Competence
Two Opetators:

The Market Operator (MO) is responsible for economic settlements:
Day-ahead market Main market
Intra-daily market Adjustment markets (6 sessions)

The System Operator (SO} is responsible for technical management and
system security.

The SO is responsible for Ancillary Services management

=7
7 A

FORUM ON ANCILLARY SERVICES. WARSAW, February 22-24 (/MM Endesa

ANCILLARY SERVICES (AS) IN THE SPANISH SYSTEM

* The AS for active power reserves are fully developed:

Primary Reserve
Secondary Reserve
Tertiary Reserve
Deviation Market

Compulsory (automatic, unit governors)
Competitive {automatic, AGC)
Competitive (under SO requirements)
Competitive

* Other Ancillary Services are not developed. They are running by -the
previous rules to 1998 {(co-operative framework):

Reactive/Voltage Control

Black Start
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PRIMARY RESERVE

* All generation units should be equipped with a governor system
control

¢ Adjustment parameters according to UCTE rules
+  Service without remuneration

« Generation units without governor should pay a cannon or may
contract the service

* Service structured through Regulation Zones.

* Each Regulation Zone is formed by a set of generation units controlled
by an Automatic Generation Control (AGC) system.

* A set of the generation units of the Reguiation Zone provide secondary
reserve, as a result of a secondary reserve market,

+ A master algorithm (belonging to the SO) controls the frequency and
France interchange deviation and sends the regulation signais to the
different Regulation Zones

* The signals to Regulation Zones are proportional to the reserve
assigned in the secondary daily market.

i%.

7

FORUM ON ANCILLARY SERVICES. WARSAW, February 22-24 (7| Erdesa .
SECONDARY RESERVE (1)

(%]
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——SECONDARY RESERVE(2)
The service remuneration considers three concepts:

Band: Up/Down reserve capacity, it is paid to each
generation unit.

AGC behaviour: The SO monitors in real time the AGC response.
Bonus or penalty for the regulation zone.

Secondary energy: Price of the energy according to the tertiary “price .
staircase”. Remuneration to regulation zone,

The band provided by each generation unit and its retribution is the
result of a competitive market decided the day ahead {D-1).

T |
7 M

FORUM ON ANCILLARY SERVICES. WARSAW, February 22-24 [L7M Endeesa

SECONDARY RESERVE (3)
Band Market (Day D - 1)

The SO publishes the hourly secondary reserve (up/down) needs for
day D.

Each generation unit submit its bids to the SO:
Up and Down reserve (MW)
Price (PTA/KW)

The SO selects the bids until the reserve requirements are compieted. The
last bid defines the marginal price.

All the selected bands are paid at marginal price.
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* This Ancillary Service works as an energy market. The band is not paid,
only the energy when it is demanded, via phone, by the SO.

* Bids:
— Power {(MW) that could be deliver before 15 minutes and could
be maintained during 2 hours (up/down reserve).

— Price (PTA/KWh}.
* All the generation units have to submit bids for the available reserve.

+ The bids couid be changed at any time by the agents, there is a dynamic
*mailbox” in the information system of the SO.

FERFIARY-RESERVE {4}

[P

| Iz
FORUM ON ANCILLARY SERVICES. WARSAW, February 22-24 74 Endesa
TERTIARY RESERVE (2)

+ All the bids are sorted by price and they form a “price staircase”.

» The SO orders the necessary tertiary reserve according the system
necessities. The lower bids one first assigned.

* The energy is paid at marginal price. Price defined by the last bid
assigned.

* The tertiary “price staircase” is used to define the secondary energy
price.

» Both prices are determined "ex - post’

T e e A
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TERTIARY RESERVE (3) - S l

PTAKYWH

A% TERTUARY EMERGY PROGRAMMED BY THE 80

L] ARY ENERGY USED BY THE AGC

MPT 4 MARGIHAL PRICE FOR TERTIARY

A3 MARGMAL PRICE #OR SECOMDARY

TERTIARY PRICE STAIRCASE AND MARGINAL PRICES

FORUM ON ANCILLARY SERVICES. WARSAW, February 22-24 (/4B | Endesa
DEVIATION MARKET

« After an intra - daily market there is not opportunity to renegotiate
any change of generation or consumption in an horizon of 4 hours.

* If an important deviation is expected, the SO calls for a Deviation Market
Session. '

* Only the generation units can submit bids to the s0.

* Allthe accepted bids are paid at marginal price.
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e NJOLTAGE CONTROL

~ Ancillary Service not developed, there is a draft under'discussion.
* The general issues are defined but many details should be clarified.

*  Generation:
Obligatory reactive band (2 MVAr)
Additional band could be offered to the SO

¢ Distribution:
Minimurn power factor at T-D interface
Additional resources could be offered to SO

*  Transmission:
All means of voltage control will be managed according to SO criteria

7 AR
_ %..
FORUM ON ANCILLARY SERVICES. WARSAW, February 2224 (/4R | Endesa

BLACK STAR

« Ancillary Service not deveioped

« There is not draft.
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FORUM ON ANCILLARY SERVICES. WARSAW, February 22-24

Market sequence for day D

Hour Market Remarks
1000 Daily Market Bid reception is closed (MO)
1100 Daily Market Resuits of Caly Market
1200 Daly Market ‘The production pian of Hydro plants are send (S0)
14.00  Secondary/Teriary Market The needs of secondary and tertary reserves are published (0S)
- 1400 Daily Market The resutts of congeston management are published (OS)
O 1530 Secondary Market (Band)  Bid Recaptonis closed (SO) :
: 16:00 Secondary Market {(Band)  The results of Secondgary Market are published (S0)
o 1745  Intra-daily market 1 Hid reception 15 closed (MO) [Mamet fionzon: 21:00(0-1) to 24:00 (D]
18:30 Intra daily market 1 Results of intra-day market 1 are published (MO}
21:45  intra.daily market 2 Bid reception is closed. (MO) [Markat honzoa: 00:00 (D} to 24.00 0]
22:30  intra-daily market 2 Resuits of intra-day market 2 are published (MO}
24:00 Tertiary Market Tert:ary bids are sent to a dynamic “rmailcox”
01:45  inwra-daily market 3 Bid recepuon is dosed. (MO} [Market honzon: 04:00 (D) to 24:00 {D)]
02:30  Intra-daily market 3 Results of intra-day market 3 are published (MQ)
S paas intra-caily market 4 Bid recepuon s closed. (MO) {Market hanzon: G7:00 (D) to 24:00 (D)]
x 05:30  Intra-daily markat 4 Results of intra-day market 4 are published (MG)
[~
08:45  Intra-daily market 5 Bid reception s closed (MO) Market honzon: 11:00 {D) to 24:00 (D))
09230  Intra-daily market S Results of intra-day market 5 are published (MQ)
12:45  Intra-daily market & Bid reception is closed. {MO) [Market henzon: 15:00 (D) to 24:00 (D))
1330 Intra-danly market & Results of intra-day market 6 are published (MQ) .

After each »ntra-gaily market a Dewiation Market session covid be open by OS (if an average deviation higher
than 300 MW s expecied). In 30 rrunutes the 2gents have to send his oigs (Market honzen 4 hours :aprox)]

FORUM ON ANCILLARY SERVICES. WARSAW, February 22-24

74l Endesa
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DAY ©-1

DAY D

Market sequence for day D (in short)

Hour Market Remarks

14:00 Secondary/Tertiary Market The needs of secondaryfertiary reserves are published (OS)

14:00 Daily Market The resuits of congestion management are pubiished {OS)
15:30 Secondary Market (Band) Bid Reception is closed (SQ) -
16:00 Secondary Market (Band}  The results of Secondary Market are publishes ($0Q)
18:30 Intra daily market 1 Results of intra-day market 1 are pubiishes (MO)
22:30 Intra~daily market 2 Results of intra-day market 2 are publishes (MO)
24.00 Tertiary Market Tertiary bids are sent to a dynamic *mailbex” (S0)
"02:30 Intra-daity market 3 Results of intra-day market 3 are publishes (MO)
05:20 Intra-daily market 4 Results of intra-day markst 4 are publishes (MO)
09:30 Intra-daily market S Resuits of intra-day market 5 are publishes (MO}
13:30 Intra-daily market 6 Resuits of intra-day market 6 are publishes (MO)

After each intra- aiv_market a Deviation Market session could be open by OS (if an -a_verage deviation
higher than 300 is expected). In 30 minutes the Agents send their bids Market horizon 4 hiours (aprox)i
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RESULTS-AND-EXPERIENCES (1} -

* The algorithms for:
Secondary band market
Deviation market
have been changed in order to improve the market behaviour

& Regulatory mechanisms should act quickly if bad behaviour of algorithms is
detected.

* Nowadays, all the developed AS are warking well and only minor
modifications could be necessary in order to improve them.

® in the beginning only hydro units provided the secondary service. At the end
of 1998, as the market was attractive, 24 thermal groups were participating
in the market.

7 AR
B
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RESULTS AND EX_PER!ENCES (2)
Examples of possible improvements

¢ Price of secondary energy. Sometimes, due to the tertiary reference, the
secondary energy prices are very low and could be below to the daily market
price.The secondary energy is an energy of high quality and its price should
be higher than the daily market.

* The master aigorithm that sends signals to the different Regufation Zories is
a quick adaptation from the old system rules (cooperative model). There are
several proposal under study. ’ ‘

e Tertiary energy assignment procces:
- The consumption of secondary energy should be minimum,
—~ The assignment of tertiary programs should be more frequent.
- The energy programs should consider the unit ramps.
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AVERAGE COST OF THE ANCILLARY SERVICES

Year 1999
- 1€=166,386 PTA
Impact on final price
» Secondary Reserve {total) 7502 MPTA 0.047 PTA/KWh

Band _ 4705 MPTA

Secondary energy 2797 MPTA
= Tertiary reserve 6559 MPTA 0.025 PTA/KWh
+ Deviation market 4218 MPTA 0.016 PTA/KWh

|
FORUM ON ANCILLARY SERVICES. WARSAW, February 22-24 (m Endesa

AVERAGE COST OF THE POOL ENERGY

Year 1999
1 €= 166,386 PTA

« Production cost 4.45 PTA/KWh 76 %
+ Uplift due to AS 0.09 PTA/kWh 1.5%
+ Uplift due to congestions 0.07 PTA/kWh 1.2%
+ Power guérantee 1.23 PTA/kWh 21 %

TOTAL COST §.84 PTA/KWH 100%

Total AS costs 18 279 MPTA  0.088 PTA/KWh l

10
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Daily band necessities-publishes by-the-0S
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Assigned band by technologies (1998 - 1999)
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System Operator:
Market Operator:
Regulatory Commission:
Electricity association:
Endesa:

www.ree.es
www.comel.es
WWW.csen.es
www.unesa.es
www.endesa.es

5

14
2,20



CURRICULUM VITAE

Name: . Angel Saiz Chicharro

Title: Doctor

Company:————ENDESA

Address: Principe de Vergara, 187 28002 MADRID (SPAIN)
Telephone/fax: 34-1-566 88 00/ 34-1-550 83 10

E-mail:

Company status:
Date of birth:

Responsible for Transmission and Ancillary Services

Qualifications: - Ingeniero Electromecanico de ICAT (Madrid) in 1976
- Ingeniero Industrial in Electrical Engineering from the
Universidad Pontificia Comillas (Madrid) en 1982,
- Doctor Ingeniero Industrial from the Universidad Politéc-
nica de Madnid en 1986.

Professional experience:

From 1976 to 1978 he was with Empresarios Agrupados, an engineering company,

~ working in the Electrical Department for several power plant projects. From 1979 to

1987 he was with the Universidad Pontificia Comillas, working in the Electrical
Department as Professor of Electrical Machines and Power Systems, and working on the
research staff in R&D projects for Spanish utilities.

From October 1987 to June 1997 he was with Red Eléctrica de Espafia (REE), a public
electric utlhty created in 1985 to urufy the operatlon of the Spanish generation and the
EHYV transmission system. He was Head of the Network Planning Department, in charge
of the development of the Spanish transmission system and he conducted several
research projects about network planning subjects.

In July 1987 he joined ENDESA, where he is responsible for Transmission and Ancillary
Services at Electrical Markets Direction of ENDESA.

He is author of several papers in the Electric Power Systems fields, and is a member of
the IEEE Power Engineering Society. He was member of CIGRE WG 37.12 and
UNIPEDE WG 40.05 SYSTMED. |



Exchange and trade of AS among

independent systems

- Warsaw, 23 February 2000
Javier Alonso
Gielda Energii
jalonso@polpx.pl




Contents

® AS and energy markets ' N / |
m Geographical scope |
m Counterparties and economic flow
& AS “with” and “without” energy
® Trading sequence
® TSO co-operation
® Obstacles to international trade
® Transits '




Geographical scope
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Counterparties. Economic ﬂovll' ,

® Energy markets trade on energy. Distribution
companies perform electricity delivery

m Customers pay the access tartfl to the distribution
company and the energy to the the market (supphu)

m Generators sell the energy through the market and

supply AS to the TSO (involving energy, sometimes)

® Energy markets are multilateral while System
Operation is bilateral (Single Buyer).

AS should be a transportation cost

< = ' +‘



AS “with” and “without” energy

® When AS supply involve a change in the schedule:
® Generators cannot manage its price risk "

m Scitlement conflicts

m Emergency procedures are always needed

® Changing the schedule is not a problem it kHOWA
in advance (energy renegotiated in liquid markets)

Criteria is “real time” vs “in advance”
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Reserves

Time
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Emergencies should not constitute a reference price:
« Limited use (even at a fixed price)

« Contract for foresceable problems
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Requirements for domestic trade
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#® Firmness somewhere before reserve management
‘= Constraint management strictly TSO business |
® Liquid reserve management market (or
“arrangements) |
s Known settlement procedure
m “Universal” access to the imbalance price
~ m Imbalances has to be symmetrical |
® Known emergency procedures (generators)

® Scttlement of AS and losses through the access
tariff or charged on imbalances -
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On the border

Interconnection capacity
m Same criteria as for domestic trade

m Preferably before the spot market (capacity
auctions seem to need monthly or even yearly

commitments)
® TSO face imbalances at the border
m Own, market or contracted reserve energy
m Pass-through to customers or imbalances

® TSOs agree border conditions and firm ]
|
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TSO co-operation

Scheduling + Settlement of imbalances

including a premium
(UCTE, CENTREL)

Joint Reserve Management
(Single reserve price)

Full integration
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Obstacles to trade

# Non-firmness

A

® Lack of constraints or reserve management
‘procedures (lead to abuse of emergencies)
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Transits

t

o

® Energy markets profit on commercial transits, by
not on loop-tflows

w Congestions lead to zonal pricing

# [mpact on transmission losses and capacity at the

border

m [ osses charged to domestic customers may Increase
due to international loop-flows

m If capacity has to be firm, it has to be small

14

Commercial transits should foster mvestment m

transmission assets
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Ancillary Services in New York State

USAID Forum on Ancillary Services
Warsaw, Poland
22-24 February 2000

Presented by:
Larry Markel
Electrotek Concepts, Inc.
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"So Tell Me About ...

The NYISO

Ancillary Services

How About That Market !
.~ » How Does This Thing Work?
| What Does [t All Mean?

*

*

Today 1 will talk about the market for ancillary services in NYS. I'll start with the ISO,
describing its structure and operation. Additionally, I'll describe some of the markets operated
by the ISO. :

Ancillary services are a relatively new commodity available in power markets in the U.S. They
include a whole range of services and activities that are used to support the bulk power
transmission system. In the United States, each of the fifty states is undergoing change in their
power systems: restructuring, competition. new regulatory models. Among the multituede of
products and services available in these markets are ancillary services,

Then we'll take a look at the market for ancillary services in NY and see how the prices for
these services have behaved.

Next will be some discussion about how the market for ancillary services works in the NYISO.
And I will close with some thoughts on the NY power market

RN
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- New York ISO

Began Operation on 18 November 1999
131,000 square km

1998 Peak Load
- Winter 1998-1999: 23,879 MW

*

- Summer 1998: 28,160 MW
« 1998 Energy Requirements

| -~ 1514 TWh
|

*The market for power in NY is operated by the NYISO. The ISO began formal operation on 18
November 1999. It had been operating in its current mode as the NYPP for some previous
months during the testing and trial period for the systems, procedures and protocols. .

«Geographically. the NYISO control area covers over 130 thousand square kilometers. The area
is characterized with loads increasing in the eastern and southeastern part of the state and most
of the major generating capacity in the western part of the state. He state is transmission
constrained. although interconnections with Canada (one 735/765 kV tie, and two 230 kV ties),
the New England ISO (one 345 kV tie and one 230 kV tie) and PIM (one 500 kV tie, two 345
kV ties, and two 230 kV ties) offer some support

«The NYTSO has a control area that in 1998 had a winter peak of about 23,879 MW and a
summer peak of 28,160 MW. The total energy requirement in 1998 was 151.4 TWh,

24
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New York ISO Electricity Market

|
L

* NYISO Electricity Market |
i ;
H 1
j
]
i
1 i !
i |
; ;
i ! E ! 17 :
Location Sased - Bilateral P P Transmisston |
_instaled Capacity Marginal Priced | Transactions | , Ancillary Services ;| Congestion
‘ Energy : i :

;b Conacts

The products bought and sold in the NYISO include:

«Instalied Capacity -- A generator or load that is certified as having met
all necessary requirements and is capable of supplying and/or reducing
the demand for energy.

+[.BMP Energy -- Energy bought and sold in the NYISO that is priced
by time and location.

»Bilateral Transactions -- The purchase or sale of capacity, energy,
and/or ancillary services between two or more parties,

+Ancillary Services -- Services necessary to support the transmission of
Energy from Generators to Loads, while maintaining reliable operation
of the NYS Power System in accordance with Good Utility Practice and |
Reliability Rules. Ancillary Services include Scheduling, System
Controf and Dispatch Service; Reactive Supply and Voltage Support
Service (or “Voltage Support Service”); Regulation and Frequency
Response Service {or “Regulation Service”); Energy Imbalance Service;
Operating Reserve Service (including Spinning Reserve, 10-Minute
Non-Synchronized Reserves and 30-Minute Reserves); and Black Start
Capability.

} : 1 l
4
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- So What Are Ancillary Services?

* Support the Bulk Power System
+ Six Types:
Scheduling, System Control & Dispatch

Reactive Supply & Voltage Support
Regulation & Frequency Response

[

Energy Imbalance
— Operating Reserve
— Black Start Capability

* Ancillary services support the transmission of energy from resources to loads while maintaining
reliability. They are the physical equipment and human resources that provide this support as
well as the metered quant8ities.

+Scheduling, System Control & Dispatch -- Two types:

~ +Systemn Security Management in real time (e.g. tie line regulation. frequency support,
interchange scheduling management, security constrained dispatch. transmission
Svsletn operation, System emergency management)

*Capacity Management (e.g. capacity management, operatmg reserve management and
scheduling, outage coordination)

«Voltage Support -- To maintain transmission voltage within limits, generators are operated to
produce (or absorb) reactive power,

*Regulation & Frequency Response -- Necessary to balance resources with load and to assist in
maintaining frequency. On-line generators are used as necessary (through use of AGC) to
follow moment-by-moment changes in load.

*Energy Imbalance -- Internal and external energy balance to control mismatch berween
scheduled and actual flows.

*Operating Reserve -- Provides back-up generation in the event of a contingency. Operating
reserves include spinning reserve {10 minute and 30 minute), operating reserve. and 10 minute
non-synhchronous reserves.

+Black Start Capability -- Generators that can start without an external power supply and are
available for system restoration. -
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How Does This Thing Work ?

Two Separate Ancillary Service Markets
— Day Ahead '
— Hour Ahead

Products

[0 Minute Spinning Reserve

]

10 Minute Non-Synchronous Reserve

30 Minute Operating Reserve

Regulation

+There are two separate markets for AS in NY -- Day-Ahead and Hour-Ahead.
«For each of these markets there are four separate AS products hat are bid and

bought in the market {10 Min Spinning Reserve, 10 Min Non-Synch Reserve, 30 |

Min Operating Reserve and Regulation.

+10 Min Spinning Reserve -- Considered an operating reserve service
that provides backup generation in the event of a major generating
resource failure. Resources must be already synchronized to the NYS
Power System and can respond to instructions to change output level
within 10 minutes. Resources must be under NYISO operational control

+10 Min Non-Synchronous Reserve -- Operating reserves that can be
started, synchronized and loaded within 10 minutes.

30 Min Operating Reserve -- Reserves the respond to instructions to
change output energy within 30 minutes..

*Regulation -- To maintain transmission voltages within acceptable
limits, resources under the control of the ISO are operated to produce or
absorb reactive power.
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" How Does This Thing Work ?

+ Market Participants
+ Market Mechanisms
MIS

Bidding

Metering

Execution

Seitlement

*Market participants include suppliers, power exchanges, transmission customers, and
marketers. To participate in a market one must meet the specific qualifications for that market.
There are specific categories of qualification - for 10 Minute Spinning Reserve bidders, for
instance. ceftain technical. contractual. legal and regulatory requirements must be satisfied to be
able to participate in the market. The requirements for each participant reflect the specific needs
for the service (e.g. metering, testing, interconnection, protection, monitoring, and control).

*Suppliers -- Can include generators, ancillary service providers. and demand-side
resources.

Power Exchanges -- Commercial entities that facilitate the sale/purchase of energy,
capacity or anciflary services in the New York Wholesale Market.

Transmission Customers -- Eligible customer who receives transmission service from
pursuant to a service agreement. Can include load-serving entities, energy service
customers (ESCo’s), municipalities, cooperatives, industrial customers, and
commercial customers

*Marketers ~- Facilitate the linkage between buyers and sellers

Market Mechanisms -- The mechanics of the market are the structure and processes that
provide an exchange for buyers and sellers. They include the systems. procedures, protocols,
and practices of the market in the ISO framework. This includes the bidding process, metering
and billing, and the execution and settlement of the transaction -- In some cases the ISO
executes the transaction (e.g. through direct control of generating resources), in others the
market participant does (interruptible loads. generation).

~J
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So What Does [t All Mean ?7

« Markets Work

— Buyers and sellers coming together
-~ Mechanisms seem to perform required market services

*So we have a function power market in NYS. It has been officially in
operation for three months. And the lights are still on!!! Bidders and buyers are

coming to the marketplace, and market clearing prices are set. So...Markets
Work!!

8
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So What Does It All Mean ?

* Or Do Markets Work ?
~ Reliability
— The Resource Payment Issue

The role of ancillary services in power markets is to promote reliable and
efficient use of existing transmission capacity. And based on the experiences in
NY, it seems to have done that so far.

The true test, however, is the test of time. Will the market be able to provide
the service that is most expensive to provide in power systems - reliability. And
if so, how?

What happens in capacity constrained systems? How will bottlenecks be
relieved? When will construction be required? Who pays, and how?
Which of these ways will be the most efficient?

Time will tell.
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NYISO Ancillary Services
Day Ahead Market
10 Min Spinning Reserve
18-30 November 1999
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NYISO Ancillary Services
Day Ahead Market
10 Min Non-Synchronous Reserve
18-30 November 1999
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NYISO Ancillary Services

Day Ahead Market
30 Min Operating Reserve
December 1999
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NYISO Ancillary Services
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Day Ahead Market
30 Min Operating Reserve
January 2000
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Ancillary Services in New York State
USAID Forum on Ancillary Services

Warsaw, Poland
22-24 February 2000

Presented by:
Larry Markel ' I

Electrotek Concepts, Inc.
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‘So Tell Me About...

The NYISO
Ancillary Services

How About That Market !!

« How Does This Thing Work?
What Does [t All Mean?

L J

Today I will talk about the market for ancillary services in NYS. I'll start with the ISO,
describing its structure and operation. Additionally, I'll describe some of the markets operated
by the ISO.

Ancillary services are a relatively new commodity available in power markets in the U.S. They
include a whole range of services and activities that are used to support the bulk power
transmission system. In the United States, each of the fifty states is undergoing change in their
power systems: restructuring, competition. new regulatory models. Among the muititude of
products and services available in these markets are ancilary services.

Then we’ll take a look at the market for ancillary services in NY and see how the prices for
these services have behaved,

Next will be some discussion about how the market for ancillary services works in the NYISO,
And I will close with some thoughts on the NY power market

12
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CNew Vol TS0
' + Began Operation on 18 November 1999

‘ + 131,000 square km t
.« 1998 Peak Load |
_ Winter 1998-1999: 23,879 MW
~ Summer 1998; 28,160 MW |
+ 1998 Energy Requirements 15

! — 1514 TWh

+The markst for power in NY is operated by the NYISO. The ISO began formal operation on 18
November 1999, It had been operating in its current mode as the NYPP for some previous
months during the testing and trial peried for the systems, procedures and protocols. .

*Geographically. the NYISO control area covers over 130 thousand square kilometers. The area
is characterized with loads increasing in the eastern and southeastern part of the state and most
of the major generating capacity in the western part of the state. He state is transmission
constrained. although interconnections with Canada (one 735/763 kV tie, and two 230 kV tes),

* the New England ISO (one 345 kV tie and one 230 kV tie) and PJM (one 500 kV tie, two 345
kV ties. and two 230 k'V tes) offer some support

*The NYISO has a control area that in 1998 had a winter peak of about 23,879 MW and a
summer peak of 28,160 MW, The total energy requirement in 1998 was 151.4 TWh.
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" New York ISO Electricity Market

¥'8C Slectneity Market

Transmisson |

L2%au0n 3ased Siateral ; :
mstaceq Capacty Yarginal Frceg - i Anciilary Services Cangestioin
“ransactions [ g

Tnergy : I Contracts

The products bought and sold in the NY ISO include:

+Installed Capacity -- A generator or load that is certified as having met
all necessary requirements and is capable of supplying and/or reducmg
the demand for energy.

L BMP Energy -- Energy bought and sold in the NYISO that is priced
by time and location. '

*Bilateral Transactions -- The purchase or sale of capac1ty energy,
and/or ancillary services between two or more parties.

«Ancillary Services -- Services necessary to support the transmission of
Energy from Generators to Loads, while maintaining reliable operation
of the NYS Power System in accordance with Good Utility Practice and -
Reliability Rules. Ancillary Services include Scheduling, System

Control and Dispatch Service: Reactive Supply and Voltage Support
Service (or "Voltage Support Service”), Regulation and Frequency
Response Service (or “Regulation Service”); Energy Imbalance Service,
Operating Reserve Service (including Spinning Reserve, 10-Minute
Non-Synchronized Reserves and 30-Minute Reserves); and Black Start
Capability. '

2871
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- So What Are Ancillary Services?

» Support the Bulk Power System
« Six Types: |
- Scheduling, System Control & Dispatch

Reactive Supply & Voltage Support
Regulation & Frequency Response

!

Energy Imbalance

Operating Reserve
Black Start Capability

!

reliability. They are the physical equipment and human resources that provide this support as
well as the metered quant8ities.

*Scheduling, System Contret & Dispatch -- Two types:

+System Security Management in real time (e.g. tie line regulation, frequency support,
interchange scheduling management, security constrained dispatch, transmission
systetn Operation. system ¢mergency management)

+Capacity Management (c.g. capacity management. operating reserve management and
scheduling, outage coordination)

*Voltage Support -- To maintain transmission voltage within limits, generators are operated to
produce {or absorb) reactive power.

+Regulation & Frequency Response -- Necessary to balance resources with load and to assist in
maintaining frequency. On-line generators are used as necessary (through use of AGC) to
follow moment-by-moment changes in load.

+Energy Imbalance -- Internal and external energy balance to control mismatch between
scheduled and actual flows.

*Operating Reserve -- Provides back-up generation in the event of a contingency. Operating
reserves include spinning reserve (10 minute and 30 minute), operating reserve. and 10 minute
non-S}nchronous [e8EvVes.

«Black Start Capability -- Generators that can start without an external power supply and are
avajable for system restoration, '

« Ancillary services support the transmission of energy from resources to loads while maintaining I
5
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" "How Does This Thing Work 7~~~

+ Two Separate Ancillary Service Markets
— Day Ahead | :
— Hour Ahead

+ Products

- 10 Minute Spinning Reserve

— 10 Minute Non-Synchronous Reserve
- 30 Minute Operating Reserve
- Regulation

*There are two separate markets for AS in NY -- Day-Ahead and Hour-Ahead.

+For each of these markets there are four separate AS products hat are bid and
bought in the market (10 Min Spinning Reserve, 10 Min Non-Synch Reserve, 30
Min Operating Reserve and Regulation.

«10 Min Spinning Reserve -- Considered an operating reserve service
that provides backup generation in the event of a major generating
resource failure. Resources must be already synchronized to the NYS
Power System and can respond to instructions to change output level
within 10 minutes. Resources must be under NYISO operational control

«10 Min Non-Synchronous Reserve -- Operating reserves that can be
started, synchronized and loaded within 10 minutes.

+30 Min Operating Reserve -- Reserves the respond to instructions to
change output energy within 30 minutes.

«Regulation -- To maintain transmission voltages within acceptable
limits, resources under the control of the [SQ are operated to produce or
absorb reactive power.
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" How Does This Thing Work ?

+ Market Participants

+ Market Mechanisms
— MIS

| — Bidding

Metering

Execution
Settlement

-Market participants include suppliers, power exchanges, transmission customers. and
marketers. To participate i 2 market one must meet the specific qualifications for that market.
There are specific categories of qualification - for 10 Minute Spinning Reserve bidders, for
instance. certain technical. contractual. legal and regulatory requirements must be satisfied to be
able to participate in the market. The requirements for each participant reflect the specific needs
for the service (e.g. metering, testing, interconnection, protection, monitoring, and control).

sSuppliers -- Can include generators, ancillary service providers, and demand-side
resources.

-Power Exchanges -- Commercial entities that facilitate the sale/purchase of energy,
capacity or ancillary services in the New York Wholesale Market.

“+Transmission Customers -- Eligible customer who receives transmission service from
pursuant to a service agreement. Can include load-serving entities. energy service
customers (ESCo’s), municipalitics. cooperatives, industrial customers, and
commercial customers

© *Marketers -~ Facilitate the linkage between buyers and sellers

*Market Mechanisms -- The mechanics of the market are the structure and processes that
provide an exchange for buyvers and sellers. They include the systems. procedures, protocols,
and practices of the market in the [SO framework. This includes the bidding process. metering
and billing, and the execution and settlement of the transaction -- In some cases the [SO
executes the transaction (e.g. through direct control of generating resources), in others the
market participant does (interruptible loads. generation).

I
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~So What Does It All Mean ?

T STt SR R Ry Y

- Markets Work
— Buyers and sellers coming together
— Mechanisms seem to perform required market services

+So we have a function power market in NYS. It has been officially in
operation for three months. And the lights are stiil on!!! Bidders and buyers are
coming to the marketplace, and market clearing prices are set. So...Markets

Work!!
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" So What Does It All Mean ?

» Or Do Markets Work ?
- Reliability
— The Resource Payment [ssue

The role of ancillary services in power markets is to promote reliable and
efficient use of existing transmission capacity. And based on the experiences in
NY, it seems to have done that so far.

The true test, however, is the test of time. Will the market be able to provide

the service that is most expensive to provide in power systems - reliability. And
if so, how? '

What happens in capacity constrained systems? How will bottlenecks be
relieved? When will construction be required? Who pays, and how?

Which of these ways will be the most efficient?

Time will tell.
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Ancillary Services in the New England ISO

USAID Forum on Ancillary Services .
Warsaw, Poland
22-24 February 2000

Presented by:
Larry Markel
Electrotek Concepts, Inc.
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" 'What’s It All About??? "

The NEISO

Ancillary Services in NEISO

So You Want To Play the Market?
How Do [ Do This?

And Then ... 7

L]

The subject today is the market for ancillary services in New England ISO. First. I'll describe
the ISQ. including its structure and operation. Then I'll talk about some of the markets in the
[SO.

Ancillary services include a whole range of services and activities that are used to support the
bulk power transmission system. These services exist in the realm of real-time operations fo
voltage and VAR control, contingency planning for spinning reserve. and unit scheduling and
dispatch.

We'll then have a look at the market for ancillary services in New England to see how ancillary
service prices have behaved.

Next will be some discussion about how the market for ancillary-services works in the New
England.

And T will close with some thoughts on the ancillary services markets

(]
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+ Began Operation on 1 July 1997
Over 11,200 km of Transmission Line

1998 System Hourly Peak Load
- 21,406 MW (22 July, 17:00)

i 1998 Energy Requirements
- 116.9 TWh

*The New England ISO power grid covers six-states with 330 generating facilities connected by
7.000 miles of transmission lines. The total system serves more than 6.2 million New England
customers.

*Rased in Holyoke, Massachusetts, ISO New England was formed on 1 July 1997 by
transferring staff and equipment from the New England Power Pool (NEPOOL) to the new
organizau'm. Beginning on May 1, 1999, ISO New England. in addition to operating the
region's power grid and transtission reservation system, also administers the restructured
wholesale electricity marketplace for the region. Seven electricity products are bought and sold
by market participants on an Internet-based markets systerm.

LJ
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7" New England TSO Power Market

* Three Markets

» Energy, AGC and Operating Reserve Market
+ Operable Capability Market
+ Installed Capability Market

— Ancillary Services Market

+ 10 Minute Spinning Reserve
+ 10 Minute Non-Synchronous Reserve
* 30 Minute Operating Reserve

+There are three markets in the NEISO. These are for all products and services
bought and sold in the ISO. The markets have different characteristics and
qualifications, depending on the services being provided. Some generating
resources must have direct monitoring, control and dispatch from the ISO, with
bids due by noon. Others have technically and procedurally less onerous
qualification requirements.

+Iin New England, ancillary services are provided in the first market under
Operating Reserve. There are three ancillary services.procured in the market:

+10 Min SR
+10 Min NSR
+30 Min OR

1
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* NEISO Ancillary Service Markets |
» Three Types: |

— 10 Minute Spinning Reserve
— 10 Minute Non-Synchronous

; ~ 30 Minute Operating Reserve

+Ancillary services support the transmissicn of energy from resources to loads while maintaining
reliability.  They are the physical equipment and human resources that provide this support as
well as the metered quant8ities.

»Scheduling, System Coentrol & Dispatch -- Two types:

+System Security Management in real time (e.g. tie line regulation, frequency support,
interchange scheduling management, security constrained dispatch, transmission
system operation, system emergency management)

«Capacity Management (e.g. capacity management, operating reserve management and
scheduling, outage coordination)

<Voltage Support -- To maintain transmission voltage within limits. generators are operated to
produce {or absorb) reactive power.

+Regulation & Frequency Response -- Necessary to balance resources with load and to assist in
maintaining frequency. On-line generators are used as necessary (through use of AGC) to
follow moment-by-moment changes in load.

+Energy Imbalance -- Internal and external energy balance to control mismatch between
scheduled and actual flows.

Qperating Reserve -- Provides back-up generation in the event of a contingency. Operating
reserves include spinning reserve (10 minute and 30 minute), operating reserve. and 10 minute
non-synchronous reserves.

«Black Start Capability -- Generators that can start without an external power supply and are
available for system restoration.
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So You Want To Play The Market? -~ - -

+ Operating Reserves
— 10 Minute Spinning Reserve
— 10 Minute Non-Synchronous Reserve
— 30 Minute Operating Reserve

+For the Operating Reserve market there are three separate AS products that are
bid and bought: 10 Min Spinning Reserve, 10 Min Non-Synch Reserve, and 30
Min Operating Reserve.

10 Min Spinning Reserve -- Considered an operating reserve service
that provides backup generation in the event of a major generating
resource failure. Resources must be already synchronized to the NYS
Power System and can respond to instructions to change output level
within 10 minutes. Resources must be under NYISO operational control

+10 Min Non-Synchronous Reserve -- Operating reserves that can be
started, synchronized and loaded within 10 minutes.

+30 Min Operating Reserve -- Reserves the respond to instructions to
change output energy within 30 minutes.
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For NEISQO, July 1999 was unusually warm. July 5 was the hottest day in 40
vears. The all-time NEPOOL peak load was reached on 6 July 1999 at the hour
ending 14:00 at 22,544 MW. This is 1100 MW (5%) higher than July 1998
(21,406 MW).

During July there were 5 days which required OP-4 Procedures (“Actions
During A Capacity Deficiency”), which resulted in load reductions of up to 600
MW. These OP-4 days were: 5 July, 6 July, 19 July, 29 July, and 30 July).
There were 45% more cooling degree days (temperature-humidity indexed) in
July than normal.

Typically the values for the three ancillary services are expected to behave as
follows:

TMSR > TMNSR > TMOR

Let’s see how they did.

227
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~ ‘New England ISO Prices =~ " 7

10 Minute Spinning Reserve
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Prices reached $966/MWh on 6 July at 16:00.
Prices reached $570/MWh on 16 July at 16:00.
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10 Min NSR prices were significantly less than TMSR for comparable hours.
The maximum value for TMNSR was $$145/MWh on 5 July at 19:00.

Generally speaking, the scale of price volatility with NSR does not match that
observed with TMSR.
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- New England 1SO Prices
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30 Min Operating Reserve prices exhibit behavior like the TMNSR. There is
not as much volatility, though prices did increase dramatically during periods of
high system loads and low capacity reserves,
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" How Dol Do This™?

« Market Participants

* Market Mechanisms
- MIS
— Bidding
— Metering

Execution
Settlement

*A Market Participant for Ancillary Services in New England is a party who purchases
Operating Reserves (TMSR, TMNSR, TMOP) from a designated generator, or who sells
Operating Reserves from a designated generator.

*Market Mechanisms -- The mechanics of the market are the structure and processes that
provide an exchange for buyers and sellers. They inciude the systems, procedures, protocols,
and practices of the market in the ISO framework, This includes the bidding process, metering
and billing, and the execution and settlement of the transaction -- In some cases the [SO
executes the transaction (e.g. through direct control of generating resources), in others the
market participant does (interruptible loads, generation).

8!
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..How.DoI Do This 7........

+ Ancillary Services - Operating Reserves
— 10 Minute Spinning Reserve '
— 10 Minute Non-Synchronous Reserve

— 30 Minute Operating Reserve

+There are three separate AS products hat are bid and bought in the Operating
Reserve Market (10 Min Spinning Reserve, 10 Min Non-Synch Reserve, 30 Min
Operating Reserve and Regulation.

+10 Min Spinning Reserve -- Considered an operating reserve service
that provides backup generation in the event of a major generating
resource failure. Resources must be already synchronized to the NYS
Power System and can respond to instructions to change output level
within 10 minutes. Resources must be under NYISO operational control

+10 Min Non-Syhc_hronous Reserve -- Operating reserves that can be
started, synchronized and loaded within 10 minutes.

«30 Min Operating Reserve -- Reserves the respond to instructions to
change output energy within 30 minutes.
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+ Are the Markets Working ?

— Buyers and sellers coming together

- Mechanisms seem to perform required market services
— Has been tested under duress and performed well

«The NEISO has been in operation for two and a half years. It has been
administering the wholesale power market since May 1999,

+There are well developed mechanisms and procedures based on heuristics that
have been adopted for the system operation.

+The system has been tested and has been proven to be dependable. Prices
behaved as one would expect, though with significant volatility.
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"And Then ..2?

QA e e S RS TR A T g e S TS b e A L s

« Or Not?
— Long Term Capacity
— Long Term Reliability

The role of ancillary services in power markets is to promote reliable.and
efficient use of existing transmission capacity. And based on the experiences in
New England, the market seems to have provided these services as needed.

The true test, however, is the test of time. Will the market be able to provide
the service that is most expensive to provide in power systems - reliability. And
if so, how?

What happens in capacity constrained systems? How will bottlenecks be
relieved? When will construction be required? Who pays, and how?

Which of these ways will be the most efficient?

Time wiil tell.

14
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New England ISO
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July 1999

25,000 -

20,000 | -

MW 15,000 S O IR0 O | B 2 OO i VORE

10,000 +

5’000 |




246

1,000 |

$/MWh

1,200

600 {

New England ISO Prices
10 Minute Spinning Reserve

800 e

400 ;“M R || T SN S

200 |- ||

‘ﬁri 'L'.‘ 'A_lJL I —

__M

AN

Hour




160

140 -
120 -
$/mwh 100 -
80
60 -

40

20 -

0

~ New England ISO Prices
10 Minute Non-Synchronous Reserve |

July 1999

|

Hour

5%?ﬂe”w S

| \ Al { |

|




New England ISO Prices
30 Minute Operating Reserve
 July 1999
160.0 - .
140.0 -
120.0 - j | h
$/Mmwh 100.0 - J h
80.0 k" |
60.0 -
400 | | | |
=L
0-0 L | 1 ]hl L .l— ||||| l‘| A L|“|‘|“| I .I N L[
Hour
3@. L o

i




- 5

SR O SN e S G AR RIS £ e g ST e TR 2 T AT

PR L

RNy BT ﬂmk’MMthM'

A

i
:
|
i
1
|
I
E
I
I
I
!

New England ISO
Hourly System Load
August 1999

Hour




P A e TR R T AR W R T 2 R

New England ISO Prices
10 Minute Spinning Reserve
August 1999

9
o |

* $/MWh

R e S e TN T N ER AR Mt R i BTN A 07 e A 5 5 Sl N D0 008 e i S

I




020 BN 5 e b AR T AR GO e - .M'WW‘&?MI_‘
S T S “ f Faver Mg

vz BN

o T RSB AP RAA T T S M ek A VR A g

e LN W R R A T e

- |$/MWh

357

New England ISO Prices
10 Minute Non-Synchronous Reserve
August 1999 |

90 T
80 |
70 |
60 |
56—i
40 -
|

204
10 |

S Ao s R B

L u N T .8 P - s a
lIIIllIlllii

Hour




New England ISO Prices
30 Minute Operating Reserve
August 1999

90.0
80.0 -
70.0 -
eo.d :
50.0 -
4o.o : h
30.0 -
20,0 -
10.0 -

|$/MWh

A T A A P 6 b T T T Sl B P B S NS S T 1Y e S I s ey i
EEN & uae - ot e,y e . . - LR . L - . o e -

l I I i | I I

Jﬁ!’\r‘\ll\@m- o - PN lmn-gnﬂjlmﬂ-
0-0 T T 1177 1 17T T 1T 1777 T T T

Hour

B850

TG B o 3 R L e T T ST AR T




A e T2 S e AR U

S Pt TSR S P g i T B0 A e X B T WL R B s b e M R T T e

e LAY S R A e BT BT LA

New England ISO

Hourly System Load
18-30 November 1999




A

ST N N S Ao S B oL S i 0 T A 0 0 L TS S 0 5 s £ 02 i D e T o e e S 5 i R SR S R M 52 By 2,

T i A LT e T e R R

New England ISO Prices
10 Minute Spinning Reserve

40
 lsmwn 25 -

18-30 November 1999




D ARSI e S R (LR kit

] o I Ty T b o e b e T SR AT N o A REI e At e 2 T o W A D S e LA W M K et S i R e AR

A AL A M Y g P L = g B N0

New England ISO Prices
10 Minute Non-Synchronous Reserve
November 1999

25 -
20 -

|$iMWh 45

10

LN AT

Hour

g




N i e g 5 M T b

e YL e et

~ |$/Mwh

R . DR W A TG RV

New England ISO Prices

30 Minute Operating Reserve
November 1999

40

2.0 1

g irs




¥

25,000

20,000

Mw 15,000

.

;

L 257
:

;". N .

New England ISO
Hourly System Load
December 1999

5,000 |-—

10’000 e e et e+ D e s




New England ISO Prices
10 Minute Spinning Reserve

| December 1999
25
20 | e
$/MWh 45 | __..._._-._..._,ﬁ_#__._______ _




' — R

New England 1SO Prices
10 Minute Non-Synchronous Reserve
December 1999

0' r‘Ah-\rJ\ AMMIMI.!—’\IMI AJL AJ'Vr'\rH\lr-r-\]MIJAr‘AIr—‘\iM‘Mlm l.-ml.n-.lr-"\lr"\

I | 1 I I T I T 1 I |

Hour




2.0

New England ISO Prices
30 Minute Operating Reserve
December 1999

$IMWh

IR B e e o B (5 S SR B R B e B SR R RN R N BN R B B L




New England ISO
Hourly System Load

January 2000

25.000 -
20,000 -
MW 15000

10,000 |-

. —————"

'Iilllllllilll

lllililllli‘lll

Hour




$/MWh

20 -

New England ISO Prices
10 Minute Spinning Reserve
January 2000

I S— T Y




New England ISO Prices
10 Minute Non-Synchronous Reserve
January 2000 |

250 -
200 -
$/MWh 450 -
100 -
50 -

0 i A T Ran e N RS B N i SR - [\|".‘| s pe Ea ey RS B R

Hour




New England ISO Prices
30 Minute Operating Reserve
January 2000

160

1
140 {

120 {

$/MWh 100
80 |

60 |

0 |

20 {

o

0 _'_.'

Hour




New England ISO
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