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DRAFT AGENDA 

Dav l-Tuesdav. Februaw 22. 2000, Definitions, Requirements. and  Characteristics 

I 1 .hcillary Services (AS) 1 Singh, Kirby 
/ establish a common understanding 
/ and will highlight those AS that i I are of primary interest in this I 

Notes and Remarks ! 
I 

Time 

I i 
I / forum. I 
i 10:lS - 10:45 Break i 

10.45 - 12:30 j Fifteen to twenty minute / To describe the approach to AS 1 
/ presentations on AS by four i being taken or planned or being 1 I .  
I CENTREL members and 2-3 ~rnplemented in their country or 
I 1 Visiting Experts region. Each speaker should also 

.+.larkel, Cltichnrro highlight specific issues and 

i 09:OO - ; Definition and Scope of , This is a critical session. It will 1 
Subject 

1 08:30 - 09:OO j %'elcome and Introductions 

I 
; / operating criteria, ioad levels and 1 

i I 
Ltrrlch at the Marriott Hotel 
Planning and Scheduling of 
Ancillarv Services 

! Ancillary services and their ! AS must meet. HOG to determine 
Verification whether the services arelwill be 

problems of importance to them. I 

I 
I 
/ 15:;O - 16:OO 
i 16:OO - 17:30 

- 
How much of each AS is needed. 
Effect of Reliability and other 

Prooosed structure of technical sessions: In everv technical session. it is planned to have a 10-15 minute 

I 

" 

Break 
Technical Requirements for 

Kirb 
19:OO Dinner 

~ ~~ 

C~~ ~~~ ~ 

prcsenrarion ( J r  longcr if appropriate) b! a nloderaror ltighllghting the maijor issues for th3t session Tlus 
\\111 bc follo\\cd bv a round rablc discussion for thc rem;liluni: time (about onc hour, in !\I~ich the ke! 

i f  load variation - 

Characteristics and properties that 

available. 

~~~~ ~~ 

issues will be discissed and specific CENTREL problems addressed 

w o ~ ~ d  by USAID Electrotek , 

Mazurek Restaurant 



Dav 2 - Februarv 23.2000. Costs. Trading. Comoetitive Markets I 
~ ~~~~~ ~ - 

j Time 1 Subject Notes and Remarks 
! 08:30 - 09:45 i Costs incurred in providing I Both actual and o~oortunitv costs . . / Ancillary services - / will be discussed 1 

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

1 Kirby, ~ i n g h  
09:45 - 10:15 I 

I Break 
! IO:l5 - 11130 / Long term and short term 

1 Kirby ' I the AS - I S 0  for e.g. 
I 
1 

1 11:30 - 12:45 / Exchange and trade of AS / How independent (separate 

The use of long-term contracts for 1 

' among independent systems I 
I Alonso 

13:15 - 13:OO / ' Lltrlch rir the hlarriort Hotel 
1 1 : O O  - 16:OO 

Dav 3 - February 24,2000. Infrastructure 

TSOASOMO) systems trade AS. 

Buyer 

Who will pay for the AS and how 
much. How will AS costs be 

, recovered by the market operator 

I 

I / Services Management / communication systems needed. I 

I 

/ 16:OO - 16:30 
i 16:30 -17:30 
I 

1 Setting up a competitive 

Break 
Paying for Ancillary Services 
and cost recovery 
Kirby, Markel 

'Notes and Remarks Time 

\\;orlishop Instructors 

Factors influencing design. 

j 09:OO -1O:OO 1 Infrastructure for Ancillary I Software, hardware and i I 
Subject 

! 
i 1O:OO -1 1:OO 

Javier Alonso 
Saiz Chicharro 
Brendan Kirby 
Larry Markel 
Harry Singh 

1 market for AS 1 Capacity and energy bids. 
I Singh Sequential and simultaneous 

i 
1 I i auctions. ‘cSmart" and "Rational" i 1 

Singh, ~ a r k e i  Kirby 
Open - for review, discussions 
and future plans 

i 11:OO-11:45 i Free time :Checkozrt 
11:45 I L!itlch nf the hfarriott 

I 
I 
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Interconnected Power Systems in Europe . 
I 

-- - - -- 

I 
- I 

CENTREL. ~srociarcd member ships of C'CTE 

LCTE (previously L'CPTE) 

SC'DEL 

SORDEL 

UPS'IPS 

GB 

BG'RO 



Main Tasks and Obiectives of CENTREL are a$ follows 
I 

I o t i ~ l  guner.;~tiot~ i ~ n t l  t r ~ ; ~ r ~ s t ~ ~ i ~ ~ i o t ~  ~ i t l ) i ~ ~ i t y  u t i l i s i ~ t i o n  1 
rcli:tl,lc i):ir:~llcl o1,cr:ltiotl o f  t l t c b  ('l<NrI'RF:I, IClctr~bcrs 1 
intet.conected systetns with t l l c  (i<"l'l< sys ter i~s  i I 

I 
1)l-ornotion o f c o o ~ ) e r i i t i o n  of'(.'I:NrI'RI<I., wit11 t i le  CI(.:.l'E ;trtt l  ; 
o ther  org:~ais:~tions ope ra t i ng  po\vcr  systcnis I 
gener i l l  imp rove tnen t  o f  tec1inic;rI f i rc i l i t ics t l i ro [ rgh the  
exch i~nge  a m o n g  a l l  t he  Member-s 
i rn~) roverneu t  o f  o~,er:ltionilI cor~cl i t ions of the  C'EN'I'K131., 
meo11)er p o w e r  svstems 

1 
~ ~ ) i l - : ~ t i n g  t h e  I<ncrgv .. . . ,Accotrnt i i~r:  ;III(~ C'ontro l  (:entt-e (I.:!\C:C') 
c i l r r y i n g  o u t  the  energy a c c o ~ t n t i i ~ g  t;lslts ;rntl the  lo:~t l  - 
- f requency con t ro l  i ~ c c o r t l i n g  to  t i le  r c q u i r e ~ n e n t s  o f  p i~r : i I ie I  
oper i l t i on  w i t h  CICITE I 1 
~ n o n i t o r i n g  o f  EIJ legis l i t t ion - c o r ~ c c r r ~ i n g  the  in tern i t !  rn:rrltct, 

I 
in e lectr ic i ty  aritl t he  h a r t n o n i s i ~ t i o n  o f  e lec t r ic i ty  leg is l i~ t ion  iii 
the  rount t - ics o f  C:ENrrfi171. R. lcsz~ I )~~-s  1 



lmpsrtnnts Steps in the 1)rocess of CENTREL Develo~ment 
I 

I 1 Ociol>er I092 I;'ountlation of C15N'I'liII:l, 
12 October 1993 Signing the C:ttaloguc of Measures for CENT1 EL 
18 October 1995 

VEAG system 

1 
l 'he CENrI.ltEL - IJCrI'II trial parallel operati& through 

1 October 1996 Commissioning of the CENTREI, - EACC in arsaw 
T l ~ c  second one - yc:~r CENTREI, - UCTE tri;tl par;tllel 
operation 

I October 1997 Submission of CW,, ;r.s., MVM Itt., PSE SA a d SE, a.s. 
Applications for UCI'Ii: Mcmbcrship 

I6 April 1998 
1 

IJCTE decision on ('ICNTRCI. - I I)ermarhnt 
I 

parallel operation I 29 October 1998 Accession of CEN'I'REIJ Members as associateld 
members to the UCTE I 

I January 1999 Associated mernbc~~sli i~)  of CENTREL Mcmbcr+s in the 
UCTE came into effect I 

19 November 1999 CEZ, a s .  replaced hy ~ E P S ,  a.s. in CENTREI, 
membership 1 

I .July 1999 Collective membcl-ship of UCTE in  ETSO I 



Further Steps of CENTREL 
(Present State) I 

I 

;~dt,pted bv tile (lollnrii of C I:.UIxR lil. . ,  ilt I\/lo<or.c~: ! I  I I 0  ~ o \ . c l d  lwr tO90 
I 

C71:N*17KEL. Metnbers byill s l l~raal ly (:eordinatc tlli?ir pt-cpat.iifior~ ol'itldiviliil:ll 
;tpl)lici~tions to I J C ' l ' I  fr~ll moell)e~.sihip 
O I l Y ( ;  will !ILL I-espot~sik~lc fo . t i ~ c  t:oot.din;tIiot~ .oI'Ihis 13t.orCs!i 
('E:N'l'lilI, iV1en1bc.r~ n-lake ci.fii,~-t to I)e ncce~.)ic.dl :.1\ 15I'SO itlivitBuiai n~(:rrnI~)ct.c; sii~cc 
,1 u I!, 2 0  I 
R l  r-. ,I leS Toni cc (('il ' .l ' l 'KEL ,8'ttrrrring $:'trniwli'i+f~c! 4:;ll(lirtt1(1{1) wits ill toi 11 t t  f 1))- the I C:otti~cil of ~:k :N~l 'F t . I~ , l . ,  1.0 ljc con.~t~tcrp:trt fat- ~ ' l ~ ~ r ~ ~ ' l ~ ~ ~ t I ~ ~ l . ,  to ttte I!,TSC) rep -t:st:t~t;~ti~~(! . , 

1 r. I I -  Scli wit r x  of l ) l i3: ;  ~ ~ ~ ~ ~ f k t ~ ~ r q ~ )  
l l i e  n i ~ ~ ~ ~ l ~ l l i i ~ ~ l . ,  i t i i i i f ~ g  l::t)il~miiitt!e n/Ie.ctir~g will 111 I ~ e i ~ i  t i  l~o(itl)r:il)~ 
(C':c.c.ll f2cy1rrl)lic) on 4 - 5 h'B;~y. 2000 
The next (:EN'1'1;<l51.., ~:olttl(:ii Meeting will t)c i~c!lai in I'ol:~nd on B - 2 I 2000 

% -  7 -1 SIC, a.s., will host : ~ n t I  orgirnistt IIC I I!, !'$teesitlr: (:~ott)t~~irfo(? :~rtta c;r . t~cll- ;~I ;%sskn~it~Iy 

I Meeting on 25 !\PI-it 2002 
1 



Internal Euronean Market for Elcctricitv I 

I 
Cretttion of the Association of Trarlsniissiort Systems 0l)eratot-s in  tw'o steps : 

1 first step - I .July 1999, creation of'thc /issoci;~tion of ,\ssociat 011s 
i 

b9 secontl step - sirtcc 1 Janu:iry or I July 2001 - Association of 7 SO'S of 
the Etl Members o r  states will have signed t~greernent wit11 El i I 

The principles of the TSO's Association to he :ipplieti to all nor] - 
strongly interconnected with Jntern;~l IClcctt-icity M;lrkrt e1ectric;~l 
(C'EN TR EI,,S~vit::erI(~tt(I, Norwt!lj) 
1)cvelopmerlt of the Economic ;tntl 'I'ecltnical IXules for Cross - Borde 
Trartssrnision as well as Network Regulation 
lICWI'E - internal undbunclling in itccortl;lnce with the C'hapter IV 
Directive EU 96/92/EC 
To el i~borate the position of the Inclastry access to tile (;rids ilrtd ~ a r / f f i  

I 



Conclusions towards the CENTREL ~evelodrnent 
(Puesenr Szote) 

I 
i Reli:~ble p;~ralell operi~tion of the CICN'l'III~I, Members interconnectedisystenls 

with the \IC'I'ti: sytems I 
I 

* To i;c;.t't.~~: CG'I!~~I?UWS!V I t!!e i r~lpI~rnent ;~t ion process of the Iegislationi cl~anges 
in  the power intlustry 
'1.0 follow the European Electricity M ; ~ r l i ~ t  1)cvelopment ilnti to rei~lisc its impact 
to tile C'EN'I'KEL Members 
'1'0 finis11 ;I privatisation process i n  a11 CI<N'I'IIk~L rner~iber cornl):tnies 

1 
I 

'1'0 s11pl)or.t the controlled opening of electt.icity market in the CEN'I'I<PI, countries 
'1'0 reach fill1 competitive ability of the CICN'I'REL Members 
'1'0 co-ol,er;~te on the synchronous zone extention process clevelopnlen 
'1'0 coortlinnte its policy in the area of a11cill;tt-y services 
'1'0 co-operate with all regional electric power groups 

1 
I 



I3evelnnment of Ancillary Services in CENTREL 

(ot~l lc i l  of C'ENrI'I<EL lneeting i~cl(l :lt hlo.<ovce (in S/ot*nlti(~) oil I0 ~ f v c n r  l ~ e r  1999 
tlecitlecl to est;~i>lisll 'I'ilsli Force Ancilli~i-y Services wthin SO\+'(; i 'l 'l~e taslts to be oriented rrtainly tOt~'i?rds power ecl~;~nge,  power reserves 2nd 
I-cguli~tion c;~~)ilcities 
Noinini~tion of tile CEN'I'HEL, meml~er  coinpi~nies reprcscntatives 
I;orce AnciII:tt-y Services 
hlr  C;rzegorz 131;1jszcz:1k (I'SE SA) a~q~oia te t l  by the 'SasIi Force 
Services Cil:tirmsn 
l'lle first meeting hcltl ;lt Kr;isn;t-Visali~.ie ((':pcl~ R~prrl)/ic) on 

I 

1)iscussetl the f'iri-tllcr three ;tnciII:~i,y scrviccs 
- ability of black sti1i.t 
- :tl)ilitv of i$I:lnd ol)er;ltion 
- volt:lge sul~ply 

I 
.' '17ecl~nic:tl and ti.nde reguliltions Sol the i~ncillary services tr;ltlel 

( I I ~ ~ I I I ( I I : I * ,  .SCC*OII ( / ( [ I : I ~  (111 (/ t ~ v - c i ( ~ r ~ ~  r c > g ~ ~ / ( ~ t i o f ~ , ~ )  I 
I 

Rcli~tioi~s I)etwecn ~nar l ie t  ~ ~ l : ~ y e ~ - s  :in11 i ~ ~ ~ c i l l i ~ r y  services ~n:ly 11t1v~ ~ W I /  for111s: i 
6' Direct contact betweenTSO itntl generator , 

Contract between saler :lritl bu)fci- 
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.Jncillary services in the environment of the SE, a.s. I 
.%xi!!ary senices in fie e n r h r n e n t  of the Sloy:ak Republic porver system aie 
~ c c o d ~ ~ ~ l ~ ~ s p e c ~ ~ r s c e d ~ - - . .  - 

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 ,,pilotu nodes the reactive power 
t lo~vs are automatically controlled by means of dispatch control system LS 3200, 
respectively by means of a dispatcher. Losses in the system are optimised this 
Lvay. This device teclnologically moves the qualitative side of ancillary system 
services forward in the framework of transmission system. 
.As it was explained in the introduction, the SE, a.s. work as a vertically 
stn~cttued joint-stock company, comprising electricity generation, transmission 
and trading 
The transmission system operates as an economically dependant subsidiary and 
the national dispatch centre is 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 senices 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, a.s. 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 
tconomy and accountancy of the Transmission system together with the National 
Dispatch Centre, from the SE, a.s., in accordance with the EU Directive 96i92. 
The situation in Slovaha 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 camed out by tluee 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 



also be taken into consideration. All the nei_phbouring power systems are at least 
two times larger. It is very difficult to intend to open market, respectively 
transfonn power industry in the conditions .of such a small power system. 
Similarly, in the conditions of a long t h e  unchanged and undervaluated 
electricity tariffs it is not easy to solve -- evaluation of ancillary system services 
without a fundamental P G e  reconstruction and electricity prices rise. Even the 
last electricity tariffs rise since February l", 2000 (30% for retail trade and 5% 
for wholesale trade) has not solved tlus 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 
transfonn 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 





VLADA SLOVENSKEJ REPUBLIKY 
Government of Slovak Republic 
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M~n~stry sf iranspocat~on I 



SLOVAK ENERGY SECTOR 
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~ S L O V E N S K E  L ELEKTRARNE, as.  
Main goals 

+ safe, ecol~gkr l~  n#ubh .nd .conomlcal operatid of 
( 

electric and heat energy sourcm and power sygie 
+ ensure - in accordance with governmental 

economy development - -cod 
production of energy (do not exceed 1s 

+ preserve sign#Ocot posMn of oompmy on energy I 

market by implementation of invsetmelst projects 1 
+ incrwso nuchar ~ h f y  of sources ant$ k ~ e p  them 'on 

international acceptable level or nuclkar safety 
m t  in according with + decrease long term 

international commitrnentrrstgR 
+ apply Least Cwt Pknning methods in developrnedt I plans 
+ design energy sources with reasonable costs for future 

I 



Main goals 
1 * permanent inbogion of ahmathre erde,rgy source? and 

hydm-potanttrl optimum use 
I + secure financing for oplmal development projects 
I 

+ implement mechanism of w w p r i o  med~,cd&n to 
ensure company development 

+ diversify import of primary energy sourcw, impoh and 
transit possibilities of electricity 

! + apply Dein(cnd.SHr Man-wt - OSM and DSM-in how. I 
projects to deemass gower demand I 

+ intensify co-operation UCPE and CENTREL coudtries and 
k gradually integrate power system of EU and SR 
I 

15. 

S L O V E N S K E  
ELEKTRARNE I 

%A 



Prenosova sustava 
Transm~ssion system I 

OrganizaCna Struktura SE, a s .  I 
Organisational chart of the SE, a.s. 

, 
Predstavenstvo SE, a.s. 

SE Board 

I 

I 
A 

Predseda predstavenstva a generalny r~ad~tel' 
SF Board Chalrlnan & General D~erctor + 1 , 

- JE Bohunice 
NPP 

RAD-waste 

Elektrarne Vojany 
FPP 

Elektrarne Novaky 
FPP 

leplareri Handlova 
CHP 

- 

VE TrenCin + - 
HPP 

ubrl~ca nlvahom 

- 

JE Mochovce 
NPP 

- 
CHP 

Teplareri KoS~ce 

$3 

I 
VE DobSina i 

HPP 
and spent fuel harltl l~~lg 

- 
. - 

Vy rad'ovan~e JEZ a 
zaobchadzanle s RAO 
a vyhorenym pal~vom 

NPP ~ ~ C O I I I I I I S S I O ~ I I I  of 
nuclear 
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Primary energy share at SE, a.s. 
~otehtial suppliers 
+ Rkssia 
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+ Rpssia 
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- high I transport 
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INSTALOVANY *KON E L E K T ~ R N ~  ES SR 
Installed capaclty of the power plants In SR 

Elektrareii MW Oh Power plant 

~~ ~ 

JE 2 200 28,l Nuclear 
P E 2 766 27,7 Steam 
VE 2 470 31.5 Hydro 
ZE 777 9,9 Industrial 

PPC 218 2.8 Combined Cycle VE 
Suma 7 831 100,O Total PE 

WOJ INSTALOVANEHO HKONU V R. 1986-1998 
Developr;.eiit of installed capac~ty in the years 1986-1 998 

JENuclear 0 PE.Steam VE/Hydro Ei ZElIndustrial O PPCICombined Cycle 
.- -- 

STRUKTURA BLOKOV (nad 90 MW) E L E K T ~ R N ~  ES SR 
Structure of the units (over 90 MW) of power plants of SR 

Blok (MW) PoCet blokov Druh Elektrarefi 
Unit (MW) Number of units Type Power plant 

220 8 JE Jaslovske Bohunice 
220 2 JE Mochovce 
110 5 P E Vojany 1 
110 5 PE Vojany 2 
110 4 P E Novaky 
218 1 PPC Brat~slava 

122 4 5 PVE ~ i e r n y  Vah 
90 8 VE Gabtikovo 



~ R O B A  A SPOTREBA EL. ENERGIE ES SR V ROKOCH 1984-1998 (GWh) 
Product~on and consumption oi  the el. energy of SR in years 1984 - 1998 (GWh) 

Rok Vyroba spotreba Index-vyr. Index-spotr. 
Year Production Consumption Index-prod. Index-cons. 
1984 20 360 25 442 103.9 103,O 

.27 , 2555----. o-5 ~ -1 
1985 22 494 06;6~ . .~ 

1986 24 170 27 415 107.5 101.1 
1987 23 630 28 362 97.8 103.5 
1988 23 074 28 913 97.6 101.9 
1989 24 081 29 504 104.4 102.0 
1990 24 062 29 297 99.9 99.3 
1991 22 709 27 038 94.4 92.3 
1992 22 340 25 781 98.4 95.4 
1993 23 417 24 497 104.8 95.0 
1994 24 740 25 162 105.6 102.7 
1995 25 905 27 324 104.7 108.6 
1996 25 290 28 875 97.6 105.7 
1997 24 547 28 629 97.1 99.1 
1998 26 01 7 28 268 106.0 98,7 

UUU 

000 

000 

000 

000 

000 

P 

- 
aVyroba  Production OSpotreba Consumpt ion -- -- - - - -. 

PRENOSOVA SUSTAVA SLOWENSKEJ REPUBLIKY 
Transmission system of Slovak Republic 

TransformaEny vykon 
Vedenia 400 kV 
Vedenia 220 kV 

Rozvodne 400 kV 
Rozvodne 220 kV 

Transformatory 4001220 kV 
Transformatory 40011 10 kV 
Transformatory 22011 10 kV 

8 410 MVA 
1 677 km 
964 km 

16 
8 

1 400 MVA 
4 410 MVA 
2 600 MVA 

Transformation capacity 
Lines 400 kV 
Lines 220 kV 
Substations 400 kV 
Substations 220 kV 
Transformers 4001220 kV 
Transformers 400i110 kV 
Transformers 22011 10 kV 

BEST AVAILABLE COPY 
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DIAGRAM TYZDENNYCH MAX~M 
Diagram of the week maximums 

DIAGRAM MESACNYCH Z A ~ ~ E N ~  ES SR 
Diagram of month loadings in SR 

max (bez Cerp ) 1 (without pump~ng) 

min (absolutne) i (absolute) R E S T j ~ ~ ~ t P F L E  COPY 



Sys tem services s u ~ a l i e d  by CEZICEPS in the Czech reuublic and ancillary 
services orocurement 

1) Present situation 

Aibn~~-ser~i~e~(ASf-i~p~~uidedby~E-~bo~t-l5~%of-it-~0mes-from-LPPS--~nits ~ ~ 

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 secondaryltertiary 
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 annuallmonthly basis. 

Wholesale price of the electricity (for distributors) is regulated by ministry decrees 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 IPPS , and no obligation of PPS to supply 
also ancillary services exists. It means that P P s  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 M W ~  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 beenpublished by CEPS for each week of the year 
2000 break down into weeltdays and weekends requirements. T h s  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 k w h  procured by 

distributors to the final consumers 
- this rate have been calculated from fixed and variable costs, associated with the ancillary 

services provision 
- 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) is entitled 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 



generator including verification mechanism of suplying 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 remaininmart of the year 
- __l~~OOOOOO 

- t i l l  the end of the year , CEPS will develop its ability to procure all the ancillary services 
via standard market ruechanisms (i.e. b~dding process for part of services, procured by 
bilateral annuallmonthly 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 all 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 111/2001. 
For procurement and handling we have defined nowadays the 5 main categories and 3 

supplemental categories. 

Main categories are: 
- primary regulation 
- secondary regulation - 10 minute spinning reserve with direct on line communication with 

central regulation system - tertiary regulation - 30 minute spinning reserve with direct 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 transmiss~on 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 withn CENTREL systems (except for 
secondary regulation at present which means automated secondary regulation ). 

What we expect of that is: 
- allow each TSO to procure suficient 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 



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 CZWMW for each hour supplying service 
- secondary re-rmlation - price in C X M W  for each hour supplying service (variable costs 

is included) -. -. . 

- tertiary r e g u l f i n i t i x  price for reserve capacity CZWMW in each hour + variable price 
for electricity supply 

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

- replacement reserve - fix price for reserve capacity CZWMW 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 model will be utilized also to prepare rate case for the system 
services rates for the year 200 1, 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. . , , 
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PRlVATlSED POWER COMPANIES OF THE FORMER MVMGROUP 
I 

(January 1999) 1 

RWE Energie AC; - EBW AG 

EDF Int. - Bayernwerk AG 

Bayernwerk AG 

I Mecsek Energia Kft. 
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I 

I 

January 1999 
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Mine capacity fee Energy charge tariffs 



rn EFFECT OF THE ELECTNCITY ACT 
i 

ELECTRICIN ACT 

Generator -r-J I 
Transmitter 

Supplier 

Consumers' 
appliances 

Connected 
appliances 

National grid - 

Establishment Operation 

. .- 

Electric 
utilities 

+ Relations 

L. 

r- -I 

- 

I 
I 

I Transmitter customer 

suppl~er 

Decomission auto-consumpti0 n 
ELECT RlClTY ACT 

v3 
115 KMnm 0 Spur t  JOucfnc 

m I I I  

Distribution 
network 



-. 

Ancilllary Services 

Brendan Kirby 
Oak Ridge National Laboratory 

Consultant 
kirbybj@ornl.gov 865-576-1768 

www.ornl.govl,psr 

Ancillary Service: 
What are They and Why Have Them 



NO,'WE DIDN'T NUKE OUR- 1 
SELVES BACK INTO THE STONE- 

WE DERW.ILATED O U ~  
ELECTRIC UTILKIES. .. 



I 
RISK: Public humiliation with thousands 
of innocent people siting in the dark. 1 

I 

System Operator's 
Ris k/Reward Calculation 

REWARD: A certificate of appreciation 
in a handsome plastic frame. 

I I I 
I 

I 



Ancillary Servic-esS- 
Support basic electrical services: 
. Generating capacity 
. Energy supply 
. Power delivery 

Essential for reliability and for 
commercial transactions . Amount to -1 0% of wholesale costs 
($12 billionlyear @ 4.1 millslkwh) 

What Is Technically Required? 

Balance generation & load 
. normal operations 
. contingencies 

Maintain voltages 
. normal operations 
. contingencies . Restart the system 



I Objective I . Identify functions and services provided by 
generating units and the transmission system 
that are today buried within vertically 
integrated utilities and bundled into one price 

. Exhaustive (covers all the services provided) 

This is Not New Technology 

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

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

We need to think about the power system in 
new ways 



. System control . Backup supply . Regulation Voltage control 
Load Following . Black start . Operating reserves . Network stability 
. Frequency responsive 
. Supplemental 

Ancillary Services Have 
Different Time Scales 

I 
-- I 

0.01 0.1 7 10 la, 

.c. TIME (MINUTES) 



Degree of' Unbundling Should Depend 
~n4astxandY-alue - - - - 

T u n b u n d l e  for costs ' 

/ '., (to supplierxi 
4 ,  .s 

, 
COST OF / 
UNBUNDLING,( 

, , '. , 
Unbundle fat trsnractioni. -. . , - -. . / ' 
(to buyers) :. I I. . -...__I _- VALUE OF 

: -----:-- ---..... U * H y w -  _ _,- _ _ _ _ - - -  

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 



Why Create Competitive Markets for 
Ancillary Services? 

. The cost of some ancillary services are not 
trivial 
Loads differ in their ancillary service 
requirements 
Generators differ in their capabilities and 
requirements . Markets allow diverse individuals to balance 
value 
. this may increase toad participation in  supplying 

sewices 

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 reasonable cost 
Customers: high reliability and low prices 



( Several Perspectives I 
Control Area - Resource - Consumer 

System operator I planner 
Generator . Load 

. Transmission I distribution provider 
Aggregator . Marketer' 

I 
I 
I 
I 
I 

Technical Requirements 

I 



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 

Fast (less than 1 minute) it is automatic, 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 
-- -- - - -- - --- . -. -- 

i 
1 Backup suppfy i 

Contingency dperations subp~ementa~ Reserve 
i i 
i 

Frequency Responsive Spinning Reserve i j 

i Energy I 
! Imbalance 1 

Nom~al  Operasons I / 1 Load Folbwlng 

I 
! Regulation 
- 
i 

I 

0.1 1 10 100 

T I M E  (MINUTES) 

Contingency Reserves 

Sudden, unplanned failures of generation and 
transrni!;sion are unavoidable . N-I  criteria . Physical requirement 
. restore generationlload balance 
. arrest frequency decay (obligation to system) 

Insufficient time for market response  
Problem addressed o n  a control area b a s i s  



I Contingency Reserves Characteristics 

. Frequency responsive 
. fast, autonomies response 
. coordinated droop & deadband . Supplemental 
. fully available in 10 minutes 

. Backup supply 
. return to commercial operation 
. restore reserves 

Response to a Major Generation Failure 



E ~ n c i l r v i c e  Coordinated Contingency I 1 Response . - - -- - I 
Customer notifles OA 
OA of Backup lmpiemnts Contingency Reserves Restored 

Supply Source Schedule Markets Restored 

t- . . 

1 Minutes 

Frequency Responsive Reserve Required 
Performance 

I 
I Full resoonse in 10 seconds ! 
! 
! i ! 

! 1; Requested reserves / / (system frequency deviation) I 
! 

I / 
1 1  
l l  
/ i 
i / 
1 ;  

Pre- 
: contingency 1, 

U,,E"L'U" I 
i 
I 

=. 
Return wthln 20 seconds of 
frequency reatoratwn 

5 10 15 20 25 

L TIME ( M I W E S I  



Load or Generation Could Provide 
F-reqmc+Respo rise--- 

040 - 

/ 
Load / 

/ .  
/ 

-0.40 " / 
/ 

/ Under Frequency Load Shedding 
-0 50 - , 

/ 
-0 60 - ' 
-0 70 

70 80 SO 100 110 120 130 

Generation or Load 

Supplemental Reserve 
Required Performance 

! 

*lo% 
. . - 

. :  
I i 

I 
I I 
I i j Requested reserves 

! 

I 
! /(Operating Authority command) : 

I 
I 
I 

, 
! 

I 
, 

i 
! 
! 

Pre- +I- I 0% of pre- ~ 
contingency contingency operatiorl . 

i 
! 

-10 0 10 20 30 40 50 60 

TIME (MINUTES) 



Underfrequency Load Shedding and 
ive 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 . SILOS - Shed In Lieu Of Spin 

I Contingency Reserve Resources I . Load or generation . Post event concerns 
. restoring reserves 
. returning to  pre-event schedule . "Fleet" response . With or without real-time metering 
. post-event metering 
. statistical metering 
. testing 



Backup Supply 

After the'systern deals with a contingency: 
. operating reserves must be restored to cover the 

next contingency 
. the commercial generation I load balance must be 

restored . 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 

j z 
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I Regulation and Load Following Balance the / System Under Normal Conditions 

Regulation & Load Following 

Both address the time varying 
characteristic of balancing generation 
and load under normal operations I- . The "system" only has to compensate 
for the aggregation 
The aggregation is composed of 
individual loads and generators with 
diverse characteristics 



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 

. 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  1 0  - 20 times more  
(MW) 
Ramp rate 5 - 10 times more Slow 
(MWlminute) 
Slgn changes 20 - 5 0  times Few 

more 



/ Regulation Unresolved issues I 

Performance measurement 
. Time interval (e.g., 1 minute), interpretation of AGC 

signals, performance limits (ramp and jerk rates) 

7 .~ ~ ~ ~. - ~ ~ ~. 

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

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 



System Reactive Power Requirements 
- - 

The power system itself is a consumer and 
producer of reactive power 
Dynamic 
Change with contingencies 
Depend on: 
. transmission system configuration 
. generation dispatch 
. load magnitude and pattern 

Supply resources under system operator 
control 

Voltage Collapse 

Voltage Cdapse 
1 W M i l e 3 9 5 w ~ c n u m  

Lhmnossded 

83% i 
8, 
r l '  

i 
I 

EOYoFfm I 
tc%; t r m p e m a R l w V I c a ~ :  

_ . - ' I  

;% 
0 4 m ; m 3 m d m r o s m 7 m s m m  

WLoad 



Voltage Control 
- -  -- . Required for normal operations, outage 

prevention, and system restoration 

. Fernando Alverado suggested mirrored 
real & reactive services 

Reactive Support 
Generation & Transmission 

Generator 
. fast response, output rises with V drop . Capacitor 
. switched response, output drops with VZ 
Reactor 
. switched response, output drops with VZ 
svc 
. fast response, output drops with V2 

STATCCIM 
. fast response, output drops slowly with V 



I Generator Reactive Limits 
I I 

. 
Core End  eating Limn - - . - 

REAL.POWER OUTPUT (MW) 

Voltage Control Requirements r . Maintain acceptable voltages 
throughout the system 
Dispatch transmission and generation 
resources 
Manage reserves to handle 
contingencies 

Difficult to allocate voltage control 
burden among customers 



I Unique Characteristics 
No system power for: unit start, 
auxiliaries, communications, or control 

I System condition unknown . Rapidly changing configuration 

More Than a Generator Service r-- . 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 



System Requirements 
. - - 

A Plan & Nexibility 
People 
Communications 

Control . Information 
. current conditions 
. capabilities & requirements . Generation resources 

Black Start Units 

Location Control 
. topography . real & reactive 
. technical . frequency & 

capability voltage 

Capacity . accuracy & speed 
. real & reactive . local & remote 
. min & max . Black start 

Stability capability 
. unloaded, loading . within required 

& loaded time 



Next Start Units 

I Restoratiorl requires generators return to I 
service 
. each unit goes from being a load to requiring load 

Terry Volkrnann, NSP, suggests: 

I #hours ~ t t a k e s  to Synchronize 
u of hours it ta kes 1 1 I 

/ to ~ r o v l d e  ~ o w e r  to I 
i the generating unit :o 
I Unit 1 Unit 2 Unit 3-N 
11 Hour 
: 2 Hours 
! 3 Hours 10 14 18 

I Block Schedules Create ( "Regulation" Burden 



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 



lmbedded Cost Based Averages Provide an 
Estimate of the Size of the Ancillary Services - - - - - - - - -- 
Market 

- 

Regulation Cost Components 

1 . Heat-rate penalty . Unit commitment . Opportunity cost . Increased O&M . Shortened lifetime 



With Competition, Regulation Price 
Depends on Spot Energy Market 

~~~~ ~.~ ~ ~ 

15 to SlBIMWh; 
2% of capacity 
for regulation 

3 

3 

Regulation 
already online -. 

10 15 20 25 30 
.. . .:..~ ENERGY PRICE (SIMWh) 

Modeling Ancillary Service Markets has Provided 
Interesting Insights 

Cost dispatch and price dispatch yield 
different results and different incentives 
Ancillary service markets and the energy 
market strongly interact 
Several market structures are possible, 
impacts of market rule choices are not always 
obvious 



Least-Cost: 8 Least-Price Dispatch 
Y i e i 6 D ~ ~ e s ~  - 

. Should IS0 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 

1 . Results may differ only slightly for system ... 

. But differ greatly for individual generators 

. Decision affects ancillary-services markets as well 

Cost and Price Dispatches Quite Different r 
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Ancillary Services May Require 
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Average Ancillary Service Prices 
California December Weekday 

Key Issues to Consider 

Who makes unit-commitment (and other) 
decisions? 
. IS0 or individual generators 

Who bears risks of these decisions? 
What information is  shared with whom? 

Should IS0 minimize price or cost? For energy, 
ancillary 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? 



I Contract Length Tied to: 

Provision of other services . Market power I local requirements 
System planning 
Capital investment 



[ Provision of Other Services I 
Some  services require the generator to be  in 
service and partly loaded (i.e. regulation) . Generator must be  viable in the energy 
market 
"Contract" length should be  tied to  energy 
market commitments (hourly) 

I Market Power 1 Local Requirements I 
Generators providing s o m e  services (voltage) 
have local market power 
Longer term contracts are needed (years) 



. Black start requires generator capital 
investment 

Capital Investment or System Planning 
Requirements May Lengthen Contracts 

. Black start requires an integrated 
system plan 

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 



Who Should Contract For Each Service? 
- . S O m ~ w T c ~ e T l e a r l y  tF@i iem:  

--- 

. voltage support 

. black start . stability . Others result from individual performance, and could 
be self provided: I 
. regulation . load following . backup supply . Some have both characteristics: 

frequency responsive reserve 
supplemental operating reserve 



Should These Two Customers Pay the Same 
Amount . for Regulation? --- - 
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Individual Loads Impact 
System Requirements 



Should These Two Customers Pay the Same 

i a  - 

Aluminum Smelter 

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 plant will tire of subsidizing 
the steel mill. 



Individual Loads Impact 
System Requirements 

.@ .a. 6?Q aa .a0 .aQ ,,\' ,, ,, 42'. ,,9. ,,!v 

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

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



Some Individual Loads Impose Large 
Ancillary-Service Costs 

Percentage of total 

Mill 1 Mill 2 Rest of  load 

Energy B Demand 1 2 97 

Load following 
Sunday 2 1 8 7 1 

Wednesday 7 3 90 

Regulation 

Sunday 59 23 18 

Wednesday 17 27 56 

lndustrial Customers Can Dominate 
Ancillary Services 

Load 
lndustrial share = 34% 

Regulation 
lndustrial share = 93% 

. Load following 
lndustrial share = 58%' 

I * Time of use likely important 



This Unit Regulates Well 

Outage Frequency Differs Substantially 
Among Generators - 
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Poor Regulation Increased ACE 
w-3A_NUN_Cly~ing H w r  

390 

0 1 5  30 45 60  

*,a$. 
TIME imtnutes) 

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 

-ise elasticity 7. 
. energy 
. reliability services . Differentiation among consumers 

Infrastructure Requirements 



I Communications 
- 

Speed may be important in only one direction 

I . system operator deploying fast resources 
(regulation and contingency reserves) 

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

. blocks of resources deployed for a contingency 

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 



Markets 
.- 

Markets and market rules 
Bidding 



North American Electric Reliability 
(NERC) ~ a l l s  Ancillary Services 

Interconnected Operations 

http://www.nerc.corn/ I 
I 

- Operating & Planning Standards 
- Status of NERC Operating Standards Under 

Development 
Policy 10 - Interconnected Operations Services 

i raft 3 (Word 97 Acrobat) 
Reference Document - Interconnected Operations 5 rvices 
Draft 1 
White Paper - Certification and Performance Measur s f o r  
Interconnected Operations Services Draf t  1 
Policy 10 Comments 

I I I 
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MA~N?AINING SYSTEM BLACKSTART IN 
COMPETITIVE BULK-POWER MARKETS 

BRENDAN KIRBY and EFUC HIRST 
Consulting in Electric-Indusuy R e m c N i n g  

Oak Ridge, Tennessee 

R e s u u c ~ ~ t h ~ e l e c t r i c - p o w e r  indusm I g ~ q m v i d e  
substantial benefits in customer choice and economic 
eff~ciency, but it presents new challenges for bulk-power 
reliability. The incentives to maintain and properly deploy 
system blackstan services that worked for vertically integrated 
utilities may not work when the system operator. the 
transmission system, and individual generaton are in separate 
commercial organizations. 

To understand how the power system could be restored after 
a major blackout in a restructured indusny, we reviewed 
esisting and proposed North American Elecwic Reliability 
Council (NERC) rules and interviewed e.upens from 25 
utilities located in each of the regional reliability councils 
(Hirst and Kirby 1998): the Edison Electric Institute 
sponsored t h ~ s  work. Utilities differ greatly in their attention 
ro blackstart planning. preparation. training, and testing. 
These differences are notjustified by diierences in technical 
requirements among utilitl; system. 

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 
arc 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 integatedutility responsible 
forthe fnal result. Ingeneral. the utiliIy 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 incumng the wrath of 
regulators and customers. 

The current system for assuring adequate system restoration 
will likely not work under restlucturing. System blackstart 
requires the coordinated efforts of the system operator. the 
transmissionsystem, blackstart generators. and the remaining 
generators, Where it was previously only necessw to 
delemine if the overall restoration performance was 
acceptable (not always an easy task) now it is necessary to 
determine if the performance of each part). is acceptable and 
to asslgn responsibility (i.e., blame) if the restorationdoes not 
occur smoothly and promptly. Separate generation 
transmission and ?stem-control entities will have to be 

compensated for the risks they take and the damages and 
costs they incur because of blackstart activities. Clear 
standards for required performance along with contrachlal 
relationships to speclfy each pany's responsibilities and 
compensation will be required to maintain system reliability. .- . ~ ~~ 

PFIYSICAL REQUIREMENTS 

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

Nevertheless, the power system mustbe 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 aparticularly severe 
disturbance resulting in the loss of stabilip and the need for 
many generators to shut down. If this occurs. the system must 
be able to be restored to normal operadons as quickly as 
possible. This is called system-blackstart capability 

The principal b c t i o n  of system blackstan is to restore the 
power system: 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: 

Blackstart-generating units (often hydro and 
combustion-turbine units) that can start themselves 
without an extemal electricity source and can then 
energize uansmission lines, restart other generating 
units, and ultimately restore service to customen; 
Nonblack start generating units that can quickly 
return to serviceafteroffsite power has been restored 
to the station and can then participate in further 
restoration efforts: 
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 



n Sys temsoml  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 
h g i n  out restoration plrm, nzhing exmiss, m d  
verification testing. Because the exact condition of the system . ~ ~ .- 
at the time of failure will not be known ahead of time, the 
plan must be flexible. A great deal of additional information 
(charging c m n t  for each transmission line, loads on each 
substation feeder. etc.) must be assembledand available to the 
systemoperator to support flexibility in blackstart operations. 

~ l a c k s & t  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 
system operator communicates with appropriate utiliv 
departments, neighboringutilities, and the regional reliabilih 
council; (3) loads are disconnected and the transmission 
system is sectionalized. either directly from the control center 
orby the system operator directingfield personnel to perform 
the operations: (4) the %stem operator directs one (or 
multiple) blackstart generators to begin operation: ( 5 )  once 
such a unit has staned itself. the system operator begins the 
complex process of reenergizing a portion of the 
transmission systemand prov~ding power to other generating 
units: (6) generators without blackstart capability retum to 
service as soon as possible after offsite power has been 
restored to them to allow restoration of the ovemll system to 
continue; (7) the system operator directs the reconnection of 
loads to the system as additional generation is returned to 
sewice, initially to help stabilize the generation and later to 
restore normal oper&ons: (8) as individual islands of 
balanced generation and load grow. the system operator 
coordinates their resy nchronization into the interconnection; 
and (9) service is restored to the remaining customer loads. 
All these steps must protect equipment 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 (MW) and maximum ramp rates (MWIminute). 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 changng 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 nonblackstartgenerators are each 
coming online first as loads because of their auxiliary 
equipment then increasing that load as they prepare to restart 

generatio& and finally requiring load themselves when they 
synchronize 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 retum to 

I 
service. Such delays can occur because conditions at the 
nonblackstan generators deteriorate the longer they are 
a* p ~ t ~  m operau meir &tiark. I 

~ ...~ 
The uansmission system i m p r e s e n t s  a dynamic reactive 
load. Transmission lines are highly capacitive when not 
loaded and voltages can easily become excessive. Generators 

I 
and reactors are used to hold voltages down. Unformnately. 
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 

I 
unit's reactive capabilities and the loads that will be imposed 
as each transmission segment is energized. 1 
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 

I 
interconnection. This process involves matching the 
frequency and phase angle of adjacent ?stems before closing 
the breaker to connect the systems. Normal operations are 

I 
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. 

I 
restoration will take hours to days. 

Selecting the blackstart generators is somewhat location 
dependent. Blackstart generators must be elecnically close 
enough to the other units they are to help restart to be able to 
energize the transmission lines connecting the nvo plants and 
control voltages at both ends. The blacksm units must also 

I 
have smcient 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 

I 
control area must have blackstart capability, where they are 
to be located, and how to use them in the event of a blackout 1 
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 imponant 

I 
because of the rare need for the senice and the resulting 
inability to get useful on-the-job experience). Third, they test 
the plan itself. Posttesting and postsimulation analysis is 
performed to determine what improvements are required in 

I 
facilities, equipment, communications. personnel training, or 
to the plan itself. 

I 
Three vpes of blacksmt units are in common use. Hydro 
units are generally used, when available. The) are usually 1 



quick starting, can often be staited remotely, and generally 
e.xhibit stable and fast control. Hydm units are so well suited 
for blackstart that NERC procedures recommend that all 
hydro units be equipped for blackstan capability. Frequently, 
a small (1 MW) tuhine is included in the installation to 
power auxiliary loads, allowing the start of the main 
rurbine(s). 

C o m b u s t i o R W i  a R d - M ~ & t t ~ t i e n e n ~ - d r i ~ e ~  
plants (e..g . diesel units) an: often eqwpped with blackstart 
capability. These units can usually start rap~dly, often under 
remote control, and can be precisely controlled. 

Some thermal plants, while not capable of blackstmng 
themselves, canbe equippedforloadrejection. Tlus technique 
relies onideniificationof the imminent collapse of the system, 
isolating the generator to its ownausiliap load (and possibly 
to some local load), reducing the generator's output from the 
pre-event operating level to match the isolated load, and 
maintaining that output until the system calls on the unit to 
connect to the grid, re-energze a pan of the system, increase 
output, and help restart other units. 

CURRENT PROVISION OF SERMCE 

To identify how system blackstart is currently provided. we 
interviewed experts from 25 utilities located throughout the 
counuy. We also obtaineddocuments fmmthese utilities, and 
from a variety of other sources. including other utilities and 
NERC. 

Testing of system restoration is generally accomplished by 
simulation or  with a table-top exercise. Some utilities do no 
testingor s imulat io~ whileothers (UnionElecbic, American 
Electric Power, and Southern) actually use blackstart units to 
energize portions of the grid (generally a single nansmission 
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 nonblackstan 
generating units and for these nonblackstart units to then 
return to service quickly. 

Utilities vary greatly in their treatment of blacksm. This 
range does not appear to be based on actual differences in 
systemvulnerability orrequirements. 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 probabilistic 
analyses of system failures. 

COST COMPONENTS 

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

n Costs associated with blackstart units themselves. 
These include capital costs, testing costs. training 
costs, equipment damage costs. and fuel plus labor 
costs 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, 

d a i R w g + s s t s , a x ~ t s t S d u r i n g . .  - - ~  
event. 

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

a 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 h e  
turbine because of opelation at frequencies too far 
from 60 Hz) incurred during an actual event that 
results from returning to senzice roo quickly. 

Obtaining estimates for these costs was diff~cult. Utilities 
have not accounted for these costs in an easily accessible 
fashion. It is also difficult to unambiguously assign system- 
operator and trammission-system costs to system blacksran. 
The utilities felt !hat system-blackstan requirements do not 
influence personnel requirements at the control center. While 
many people are required in the field to venfy conditions and 
perform operations. these people are already employed by the 
utility. It is also hard to pin down controlxenter or 
uansmission-system capital costs that can be amibuted to 
blackstart requirements. Emergency power for the control 
center, for example. is required in case the control center's 
primary power supply is disabled. This could happen (and is 
most likely to happen) even if the rest of the power system is 
viable. The same is hue for backup power supply for the rest 
of the system. Communications and control systems must be 
redundant and survive even if their p r imw power supply is 
disabled. Transmission circuit breakers must be capable of a 
limited number of operating cycles (typically open-closed- 
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 amibuted solely 
to system blackstan. 

Costs associated with providing blackstart capability to 
generators are conceptually easier to iden@ and associate 
with the blackstan requirement. Still. we were not able to 
obtain many cost figures because generally uulities do not 
track these costs. Costs associated w ~ t h  nonblackstart 
generators returning to service are even more elusive. 
although no less real. 



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 blackstans one unit a year using 30 
to 40 people to gain experience. Southern estimated the cost 
of adding blacksran capability to a $25 million, 80-MW 
combnsrion tmbine at $0.1 mlliun 

EiERC (199%) delineates requiredactions invarious policies. 
System restoration from a blackout condition is addressed in 
Policy 5E: Emergency Operations - System Restoration and 
in Pollcy 6D: Operations Planning - System Restolation. 
Policy 5E specifies the fouowing: 

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 o f  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 sy-stem. 
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] developand periodically 
update a logical plan to reestablish its elecnic system ... . A 
reliable and adequate source of stamp power for generating 
units shall be provided. ... Generation restoration steps shall 
be verified by actual testing whenever possible. ... System 
restorationprocedures 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 years "through simulation or testing." 

NERC's (1998) proposed Policy 10 improves upon the 
existing NERC @dance by including requirements for 
c e w i n g  and testing blackstart units themselves. 
Unfortunately,thepolicy does notaddressany systemcontrol. 
transmissionsystem, 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 reshuctured indusny where 
competitive entities must be organized and act cooperatively 
to address a system emergency. NEBC offers little detail 
concerning. either the required response that the service is 
supposed to deliver or the resources that should be dedicated 
to senice prmision h i C  p e d e s  no spenfrcs on rfie 
number of generating units that should be blackstan 

- e q u i p p e e m e t e - w m i a - c k s r a n -  
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 rest~uctured electricity indusny, it may be appropriate to 
have separate standards for each of the four components of 
systemblackstart. Such standards could include the following 
elements. 

System Operator: The system operator will, at least once a 
year. simulate system restoration using information on 
blackstart generation, transmission nonblackstartgeneration 
load. and the restoration plan. The regional security 
coordinator will cer@ the restoration plan only if the 
simulation demonstrates a high probabilin. that restoration 
will be successful. Simulations and training esercises will 
include operating personnel from system operations. 
transmission operations, blackstan generators, and 
nonblackstart generators. The exercise will be conducted in 
the facilities the personnel will be working in during a 
restoration using the communications equipment that win be 
available during such a restoration. The entire restoration 
plan will be simulated with each party reporting on actions 
they would take ina restoration. A computer simulatorwill be 
used to determine the expected response from the power 
system to each action taken. 

Transmission System: The system operator will certify the 
transmissionpmvider'scapability @ersonnelandequipment) 
to suppolt the blackstart plan The transmission providerwill 
supply the control-area 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 control, communications capabilin. 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, andcontrol sxstems must 
be capable of operating without support from the power 
system with sufficient capability to suppon the system 
blackswt restoration plan 



Blackstart Generators: In addition to metering and 
communications requirements, eachblacksta~t generatorwill 
undergo separate staning tests. lineenergizing tests. and 
load-canying tests. The blackstm test, which will be 
conducted at lean twice a year. involves isolating the 
generator from the power system having the unit start itself 
rvirfrin~eaaRreednpondme&einaMmdosobvrhe 
S) stem operitor. . and then - ... remahm~stable ... . . (both . vo~tagd . and .- 
freauem) for at least 30 mnutes. The line-enereizine test . -. - - .  
which wiU be conducted at least every three years, wiU 
demonstrate the ability of the generator to energize a 
preiiously de-energized transmission line and to remain 
stable for at least 30 minutes. The loadcanying test, which 
wiU be conducted at leastevery six years, will demonstrate the 
ability of the generator to pick up sf l~cient  load at the remote 
end of the isolated transmission system to demonstrate its 
capabilic to supply this load for at least 30 minutes. 

.Vonblaci;rrarr Generators: Each nonblackstart generating 
unit must prepare and submit to the system operator its 
restoration plan. The restoration plan will assume that the 
system 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 ~nchronizing and picking up 
load. The plan must spec& the amount of off-site real and 
reactive power required by each unit during the time it is 
preparing to return to service. The plan must specify the 
capabilities and requirements of the nonblackstart generator 
once it synchronizes to the grid inclucting minimum load, 
maximum load, ramp rate, and reactive capability range at 
minimum and mavimum load. 

RESTRUCTURING 

The lack of specificity in blackstan requirements presents a 
fundamental problem under restructuring. This lack of 
specificity, coupled with the need for ~nultiple independent 
parties (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 indusny on a 
national level. As part of its program to unbundle generation 
from transmission FERC required uansmission providers to 
offer six ancillaq services to transmission customers. FERC 
did not impose any requirements with respect to blackstan 
perhaps assuming that the cost to provide this service would 
be incorporated in the basic transmission tariff. So little help 
is provided here. 

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 diff~cult because of the expense 
involved. 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 genetator. A combination 
of technical requimems and econo~mc in- %ill be 
needed to asswe successful ~rovision of the service. 

The systemoperatorcould Likely procure blackstart capability 
competitively from generators. Technicat restrictions 
concerning unit capabilities (speed of response. conuol 
capability, voltage connol. etc.) may limit the number of 
suitable generators. Locational restrictions may further reduce 
the number of units that can provide this service (e.g.. such 
units must be electrically close enough to other units to be 
useful in restarting them). But the predominant response from 
the utilities we surveyed was that often enough units meet (or 
could meet) the technical requirements to allow formation of 
a competitive market. Within reason restoration plans could 
be adjusted to accommodate changes in the location of 
blacksta~t units. 

To facilitate competitive procurement of blackstart sen-ices 
from generators. system operators would have to be explicit 
about the services such units are required to provide. This 
requirement would include the speed of response. minimum 
and maximum real and reactive capabilities, and ability to 
conuol 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 cons 
during actual use of the service. 

System-operator and transmission-system costs related to 
system blackstart. on the other hand. should be dealt u ~ t h  as 
are other system-operator and transmission-system costs 
They will likely require FERC renew 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 differ in 
the time it  takes to return to service and begin supponing the 
powersystemonceoffsite poweris restored.These differences 
can be a result of the generating technology employed as weU 
as commercial considerations. Larger units. for example. 
require more power to restart. Consequently. blackstart units 
have to be larger. Other generating units may impose 
additional system-blackstart requirements. The location and 
conuollability of nonblackstart units affect their value a-hen 
restoring the system. How quickly off-site power has to be 
restored to other generators to avoid damaging the unit and 



greatly delaying the unit's ability to return to service may also 
differ. Compensating nonblackstan units for their costs 
associated with supporting system restoration could be 
difficult. Alternatively, provision of blackstart capability 
could be a reqlurement for connecting to the grid. We found 
little evidence that this cost differentiation has been 
recognized or i behg addrrssed 

L U o n b l a ~ ~ ~ ~  
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 
andlor as the unit cools. Additional time may be required to 
restart each subsequent unit at a generating plant. 

This type of specificity, whichrecognizesunitcapabilities and 
system needs, is required in moving to a competitive 
environment. Since restorationeventsarevely rare, economic 
incentives might notbe sufficientinmotivatingresponsefrom 
the nonblackstan units. Simple requirements with strong 
penalties for failure to comply might be better. The incentives 
or penalties should recogruze the benefit that the system 
receives from units that are inherently capable of fast and 
flexible response. This recog~tion 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 sy-stem during restoration coupled 
with response requirements when the service is required. 

CONCLUSIONS 

While system blackstart is conceptually well understood and 
universally acknowledged to be importanf its detailed 
requirements are difficult to pin down. For the system to 
require blackstart, something went badly wrong. It is difficult 
to quanrify expected results from the blackstan service 
without prior knowledge of what will go wrong. Still, this 
does not explain the diversity among utility blackstan plans. 
The current system of indirect regulatoly 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 enoughgenerators located so thatthey can provide 
the blackstan service, the competition among them may be 
enough to allow 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-control and 
transmission portions of systemblackstancannotbe provided 

competitively. These services. by d e f ~ t i o s  can be provided 
only by the monopoly entities that manage and operate 
control areas. I 
FERC views system blackstsut narrowly, focusing on the 
ability of some generatingunits to self start. FERC apparently 
did not cMsider the tr;mcmir.iowstem and sys temumtd 
activities associated with this service. More important, FERC 

I 
the service or on transmission customers to pay for it. And 
hJRC's  stamlards for this senice lack specificitv; they do not 
address the need for nonblackstart generators to aggressively 

I 
suppolt system restoration I 
Possible ways to ensure continued provision of this essential 
service in a restructured electricity industry include (1) NERC 
developing more specific planning, testing, and operating 
standards for this service; (2) FERC recognizing system- 

I 
blackstart as distinct from generator-blackstan 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 

I 
that blackstart and nonblacksrart generators. uansmission 
owners. and the system operator itself provide and coordinate 
this service. which will reqlure both technical requirements 

I 
and economic incentives for generators and transmission 
providers. 1 

REFERENCES 

E. Hirst and B. Kihy 1998. The Functions, ~Lfe~rics, Costs, 
and Prices for Three AncrNary Services, Edison Electric 
Institute, Washington DC, October. 

Interconnected Operations Servlces Working Group 1997. 
Dejinrng Interconnected Operatrons Serwces Cirder Open 
.Iccess. EPRI TR-108097, Electric Power Research Institute. 
Palo Alto. CA, May. 

North American Electric Reliability Council 1993, Electric 
System Restoration, Princeton NJ, April 1. 

North American Electric Reliability Council 1997% .VERC 
Planning Standards, Princeton NJ, September. 

North American Electric Reliability Council 199%. .VERC 
Operanng .Manual, Princeton NJ, December. 

North American Electric Reliability Council 1998, Policy 10 
- Interconnected Operations Services, draft. Princeton NJ. 
November. 



LOAD AS A RESOURCE IN 
PROVIDING ANCILLARY SERVICES 

B R E N D A N  KIRBY and ERIC HlRST 
O a k  Rtdge N a t ~ o n a l  Laboratory 

and 
Consultants in Elecmc-Industry R e s m c m n n g  

Oak  Ridge. Tennessee 
-- . 

M ostof  the commercially important ancillary services involve 
maintaining o r  restoring the generation and load real-power 
balance over varying time frames. Traditionally utilities have 
addressed this problem almost exclusively by controlling 
generation. It does  not have to be this way, however.  T h e  
important concept is to balance load and generation, which 
can be done using either side o f  the equation. Controlling load 
ma! bethesingle  largestuntapped resourcecurrently 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 tncent~ves)  but 
technical and commercial solutions to these problems exist. 

W H I C H  S E R V I C E S  M I G H T  L O A D S  S E L L ?  

Table I presents the 12 ancillary services commonly discussed 
iHirst  and Kirby 1998). Clearly loads will not sell  System 
Control. System Black Start, o r  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 Yetwork Stability are also 
services that loads are not likely to have the resources to 
supply (though if they do they should 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 I 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 b e  capable of delivering that 
service at this time. (Water-pumping load. such as  municipal- 
water and i r r~gat ion systems. may be a possible exception i f  
they use variable-speed drives for their pumps.) T h e  
contingency reserves are especially amenable to being 
provided by loads. Load following could be provided by loads 
directly or through the use o f  a spo t  market price response on 
a shorter time frame than 1 hour .  

Sys tem Cont ro l :  Control-area operator reliability and 
commercial functions 

~~upptr-;md-V.&ge&,*IIfrom--. ~ 

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

Regulat ion:  Maintenance of the minute-to-minute 
generationlload balance to meet CPS 1 and 2 I 

I L o a d  Following: Maintenance o f  the hour-to-hour 
generationlload balance I 
F r e q u e n c y  Responsive S p i n n i n g  Reserve:  Immediate 
(10-second) response to con t~ngenc ies  and frequency 
deviations 

S u p p l e m e n t a l  Reserve: response to restore 
generationlload balance within 10 minutes of a 
generation o r  transmission contingency 

B a c k u p  Supply  P lan :  Cu j tomer  plan to restore system 
contingency reserves within 30 minutes if the customer's 
primary supply is disabled 

I Real -Power -Loss  Rep lacement :  Compensation for 
transmission-system losses I 
E n e r g y  Imba lance :  Accounting for  the hourly 
discrepance between scheduled and actual transactions 

D y n a m i c  Schedul ing:  Real-time metering, relemetering. 
and computer software and hardware to electronically 
transfer some or  all of a generator's output o r  a 
customer's load from one  control area to another 

I Y e t w o r k  Stabili ty: Use  of fast-response equipment  to 
maintain a secure transmission system .I 
S y s t e m  Black S t a r t :  T h e  capability to start generation 
and restore all o r  a major portion of the power system to 
service without support from the outside after a total 
collapse 

T h e  same types o f  restrictions apply to loads supplytnp 
ancillary services that apply to generators s u p p l y ~ n g  the same 
services. For  a generator to supply contingency reserves it 
must have capacity available to respond to the contingency. 
T h e  generator cannot be operating a t  ful l  load. Similarly, a 
customer selling contingency reserves must have capacity it 
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Fig. 1. Anci l lary service  dynamics .  

can unload when the contingency occurs .Thecustomercannot  
already be a t  minimum load. 

WHY U T I L I Z E  L O A D  AS A R E S O U R C E ?  

There  are several reasons that loads should be encouraged to 
sell ancillary services.  FERC is encouraging open competitive 
markets for  generation. FERC ordered the unbundling o f  
anciliary services to promote competitive markets, which 
jhould improve economic eff ic~ency and lower eiectricity 
prices. These markets should be open to any technology 
capable o f  providing the service, not just  to generators, which 
will expand supplies and reduce horizontal-market-power 
problems. 

Beyond the argument  o f  fairness, having loads participate as  
suppliers, a s  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 electric~ry. 

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 a lso 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 fo r  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 
s ~ n g l e  1000-MW plant so too a system that utilizes a large 
aggregation of loads as a resource to supply reserves will  
require less redundancy in the basic resource than o n e  that 
carries all of its reserves on a few large generators. There  can 

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

P R O V I S I O N  O F  I N D I V I D U A L  S E R V I C E S  

In a l l  c w  the owner  of a l o a h  in cooperasion with an 
aggregator and the system operator, would determine the  

+ x t k m o f i k e i e a ~ v i d d x s e w h A e t e r ~ n ~ ,  
communications, and control requirements would then be 
established. 

Looking first at the services required to restore the 
generationiload balance after a contingency Supp1emen:cl 
Reserve is a likely candidate for  many loads. T h e  resource 
must fully respond within 10  minutes o f  the contingency.. 
Response must be maintained fo r  an additional 20 minute!. 
i.e., until 30 minutes after the contingency. This  1s a short 
intermprion that many customers may find accep~ab ie .  
Candidates include water pumping, building temperature 
control, water heaters, and air compressors.  Anything that 
inherently has some storage in the process. o r  any process fo r  
which storage can be readily added is a good candidate.  

The syntem opera to r t akessomeof the  10 minutes to ie~og:~.;: 
the contingency and to call for response. The ag:r>ga~s:'i 
communications process wii1 also consume some time. ;:,.i 

leaves a few minutes for  the load itself to respond. 

Obviously, the load itself must b e  consuming power  for  i t  to 
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 fo r  curtailment.  T h e  
aggregation has to be accurately,charac~erized to know how 
much operating reserve is available a t  any  time. Individual 
loads also have to b e  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 a t  all  times. T h e  service only has  to be 
provided until it is replaced by Supplemental Reserve. 10  
minutes, creating a shorter interruption. Full response is 
required within 10 seconds, however.  which may make it 
harder for some loads to provide. A typical generator droop 
characteristic could b e  created by havinz each load in an 
aggregation respond at slightly different frequencies. 

'specific timing requiremena for each service vary from 
region to region. The requirements referenced here are from NERC 
(1998) Draft Policy 10. 



Frequency Responsive and SupplementalReservesrestore the  
system's generationiload balance and maintain it for  30 
minutes. Thirty minutes after a contingency occurs the 
customer that was receiving the lost generation is responsible 
for making other arrangements o r  currailing its load. T h e  
Backup Supply Plan is a pre-arrangement that tells the system 
operator how to proceed for  each load's loss of primary 
supply. S o m e l o a d s  may find it attractive to provide Backup 
S u p p l y - f v P - w a - v i d e s -  
for communications and for the curtailing load to take actions 
to reduce its own cosrs. 

Loads may also wish to participate in maintaining the 
generation and load balance during normaloperations, though 
this seems less likely. A load o r  aggregation o f  loads could 
provide Loud Following by cycling their daily operations in 
response to direcrM W commands from the system operatoror  
by responding to short-term price sienals (Hirst and Kirby 
1 9 9 i ) .  

Regulaiion is the least likely of the generationlload balancing 
services to b e  provided by load. It is possible, however. that 
loads with variable speed drives (e.g.. water pumping) could 
accept automatic-generation control rieoals from the system 
operator .  Munic ipa l  wa te r  pumping accounts  for  
approximately i %  of electriciry consumption nationally. 
providing a potenrially significant source of load-based 
regulation o r  other ancillary services. 

P A S T  U S E  O F  L O A D  C O N T R O L  

Load control has  been and is currently used in a number of 
locations [NERC (1997b)  Operating Mnnual].  Some 
implementations have been successful but the idea has not 
been universally adopted. Th i s  is at least partly because of 
traditional rate structures, which provide little flexibility to 
customers. T h e  cusromer must agree up front ro b e  subject to 
utility control, usually for a year o r  more. There is no ability 
to enter and leave the market as the customer's economic 
conditions change. The customer often gets paid a flat fee  
independent of  how o r  if the resource is actually used. This  
provides little flexibility for  the load and little incentive to 
actually perform. 

Similarly, the cost  o f  peaking generation or peak reserves are  
typically spread over an entire season or year. Charges (both 
operating and capital) are not assigned exclusively to the hours 
when the generation o r  reserves are required. Assigning the 
costs to the hours when they are needed would result in much 
higher prices fo r  those services during specific hours (and 
lower prices a t  other times). Under either good economic 
regulation o r  a truly competitive market. the result would be 
the same total revenue collection (that required to pay fo r  the 
resource). Providing a price signal char accurately reflects the 

real-time cost to provide the service will encourage all 
suppliers, loads and generators, ro o f fe r  supply when ir is 
needed most. 

S U P P L I E R  C O N T R O L  O F  ITS F A C I L I T Y  

While automatic deployment is necessary when selling some 
reserves, it is often importantto allow the Load to decide when . , 
7twrt+participatmmhvker?twit&ustae price--of 

hourly energy and each of the ancillary services vary. so  do  
customer economics. For  many customers there are times 
when less flexibility exists and the load cannot be interrupted 
withour high costs being incurred. These times are of ten 
independent of  anything happening on the power  system and 
are therefore unrelated to the price of the service. For  the right 
price, a residential customer might b e  willing ro automatically 
curtail air-conditioning use for 30 minutes ro supply 
contingency reserves, for  example. This  same customer would 
probably be unwilling to curtail use at  any price on rh t  
evening when h e  was holding adinnerpar ty ,  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 not to participate is unrelated to the uriiiry 
economics: neither load is [tying to avoid providine 
service when it is highest in value. In fact. the chemical :!ant 
may intentionally select times for  its invenrory when the 
powersystem is notstressed, such as  a t  night o r  on  weekends. 
It would do this not becauseof  a concern fo r the  powersystem 
but because that may be a t ime when the chemical process is 
srable as well  due to reduced activity a t  the chemical plant. 

T h e  utility needs information about  which loads will b e  
supplying services ahead of  time. The load must declare that 
it is available before it enters o r  leaves the market. Perhaps 
this declaration would b e  one day in advance fo r  the following 
24 hours. Both [he utility and the load will need the ability to 
change the availability on  shorter notice, perhaps with 
economic consequences. A load [hat experiences technical 
difficulties and is suddenly incapable of supplying the service 
must b e  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 
California's competitive bulk-power system. 

It is critical to avoid providing an incenrive for  a resource 
(either load o r  generation) to declare itself available when i t  is 
not (as is done in the United Kingdom). Equipment  failures 
are inevitable but service providers should have an incentive 
to maintain the reliability of their resources. They  should 
never find it profitable to sell a service that they know they 
cannot  deliver. 



T R A D I N G  C E R T I F I C A T I O N  F O R  M E T E R I N G  

M o s t o f  the generators on a typical powersystem are  relatively 
large and  expensive. It is reasonable for the system operator 
to moni tor  unit  output  and bus voltage every 2 to 8 seconds.  
T h e  amount  o f  data  and the  expense per  M W  are  both 
reasonable.  W h e n  the operatorcalls forresponse h e  response 
can be monitored in real time. 

Providing the same  information from hundreds o r  thousands 
o f  individual resources would be  prohibitively expensive and 
would provide an overwhelming amountof  data thatcould not  
be managed in real time. A n  alternative to real-time 
monitoring of each individual resource exists. Loads  could be  
certified, either individually o r  in aggregation, for the 
provision o feach  ancillary service. Certification would consist  
of exercising the resource under controlled conditions to 
determine the reliable response 1NERC 1998). Testing of the 
contingency reserves, for example, would not be  announced 
to the resource. T h e  response would b e  measured on control- 
area metering. Periodic testing would monitor continued 
capabili ty.  Recording meters at each resource could also be  
audited to verify performance for both actual events and tests. 

. A G G R E G A T I O N  A N D  CO.\ . l . \ . lUNIC?rTION 

The major objection often voiczd to customer supply of 
ancillary services is that [he system operator cannot  deal  with 
the large number  o f  individual resources and  that the 
communicat ions  requirements would be  overwhelming. These  
are valid concerns  but  ones that can be  addressed. Aggregators 
can provide a genuinely valuable function here. By  handling 
the comrnun ica t~ons  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 system 
operator 's  interface with generating resources. They  can also 
be an  interpreter between the electrical system andcus tomers .  
T h e  system operator  is not interested in learning the details 
and concerns  of each customer. Similarly, customers  a re  in 
businesses of their own and have neither the t ime nor  the 
interest in learning a l l abou t the  power  sysrem.Theaggregator  
can b r ~ d g e  this gap, creating a valuable resource in the 
process.  

Communicat ions  a re  inherently different with an  aggregation 
of resources than with a single entity. As mentioned above. it 
is nor currently practical to collect data from thousands of 
individual loads every 2 to 8 seconds. I r is  practical, however .  
to send instructions to those loads a s  fast as necessary. Tha t  is 
because it is the same signal going to large groups of the 
loads. Tha t  signal could be "deploy now" or it could  be  "the 
current price for response is SX". 

C U S T O M E R  E C O N O M I C S  

Incompetitive bulk-powermarkets.customers will have many 
choices with respect to their use  o f  elecrricity and their 
payment for electricity services. In the context of this 
discussion, they can choose to participate in hourly markets 
and face  spot prices char can vary widely in response to 
supplyldemand relationships. Alternatively, they can sell 

~ e m v a s e d - a b o ~ ~ s i o - n - s - o n n - - -  
whether to participate in spot markets o r  sell reserves will be 
based on the customer's flexibility in modifying its electricity 
use (in particular, its fixed and  variable costs to modify its 
electricity use in real time). the prices of energy and reserve 
services, and the frequency with which outages occur. 

For example. higher reserve prices and less frequent outages 
will lead customers to sell reserve services. forgoing 
opportunities to reduce consumption a t  times of high spot 
electricity prices. O n  theotherhand, increasing flexibility 11.e.. 
declining cost) in modifying electricity use will  lead to more 
decisions to participate in spot  energy markets. 

C O N C L U S I O N S  

Loads can provide several of the energy-balancing ancillary 
services.  They should be  encouraged to do so because o f  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 see  if and  when  they will participate. 
Loads  must be  given the flexibili ty to respond ro their own 
economic constraints. 

Technical problems associated with the need to aggregate 
many individual loads to achieve a resource of sufficient size 
to b e  useful can b e  overcome. Th i s  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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S U M M A R Y  

Incompet i t ive  electricity markets ,  thecos ts  for each  ancillary serv ice  should be charged 
to those who cause the costs  to be incurred with charges based on  the factors  that cont r ibute  to 
these costs.  For example ,  the a m o u n t  of generating capaci ty assigned to the regulat ion service 
is a  funct ion of the short-term volatility of system load. Therefore ,  the charges  for  regulat ion 
should  be related to the volatility of each  load, not to its average  demand .  

This  report  discusses the economic  efficiency and equity benefi ts  of assessing charges  
on  the basis of  customer-specif ic  costs (rather  than the traditional billing de terminants ,  M W h 

. o r  M W ) ,  focusing on  two key real-power ancillary services,  regulat ion and load fo l lowing.  W e  
determine  the extent  to which individual  cus tomers  and groups  o f  cus tomers  contr ibute to the 
sys tem's  generation requirements  for  these two services. In particular,  w e  analyze load data to 
de termine  whether  s o m e  cus tomers  account  for shares  o f  these two services that  differ  
substantially from their shares of total electricity consumpt ion .  

W e  defined and applied metr ics  for  regulation and load fo l lowing.  For  regulat ion,  w e  
chose  the s tandard deviation ( M W )  of  the thirty 2-minute  values in each  hour .  For  load 
fol lowing (MW),  w e  chose  the difference be tween the m a x i m u m  and min imum values  of the 
30-minute rolling-average load dur ing  each  hour.  

W e  also developed and applied methods  to al locate these sys tem-level  met r ics  to 
individual  cus tomers  and  to groups  of cus tomers .  T h e  regulat ion al locat ion method uses a  
trigonometric relationship to correlate a n  indiv idualcus tomer ' s  regulat ion bu rden  wi th  the total 
burden .  T h e  load-fol lowing allocation method calculates  each  cus tomer ' s  share of the total 
requi rement  on the basis  of its co inc ident  load-fol lowing requi rement .  

Application of these allocation methods  s h o w s  that  charg ing  cus tomers  for  these 
ancillary services on  the basis o f  average  loads  can  be  inequitable.  Fo r  o n e  cont ro l  area,  a  few 
large industrial cus tomers  account  for  34% of system load,  compared  with 93% of  the 
regulat ion and 58% of  the load-fol lowing requirements  (F ig .  S-1). These  cus tomers  
disproportionately use these services but ,  in general ,  are no t  paying their fair  share  under  typical 
utility tariffs. The  subsidies inherent  in today ' s  anci l lary-service pricing me thods  canno t ,  and 
should  not,  be sustained. Indeed,  industrial cus tomers  with near- t ime-invariant  loads,  such  as  
a luminum smelters and paper mills,  wil l  justifiably claim they require none  of these services 
and ,  therefore. should not  have to pay for  them. 
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Fig. S-1. The shares of system regulation (top) and load following (bottom) calculated for 
several large industrial customers for 12 days in February 1999. Note that these 

I 
customers sometimes account for more than 100% of the total, implying that 
the nonindustrial customers were reducing the requirements for theseservices. I 
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C H A P T E R  1 

Iru'TRODZiCTION 

In its recent  Notice of Proposed  Ru lemak ing ,  the Federal  Energy Regulatory 
Commiss ion  ( F E R C  1999)  wrote,  "The  C o m m i s s i o n  bel ieves that ,  wheneve r  it is economical ly  
feasible,  it is impor tant  for the R T O  [regional  transmission organizat ion] to provide accura te  
price s ignals  that  reflect the cos ts  of  supply ing  ancillary services to part icular  customers."  
Earl ier ,  F E R C  (1996)  wrote in its Orde r  888 .  "Because cus tomers  that take similar  a m o u n t s  of  
t ransmission service may requite  different  a m o u n t s  of s o m e  anci!lary serv ices ,  bundl ing  these 
serv ices  with basic transmission szrvice wou ld  resul t  in s o m e  cus tomers  h d ~ i n g  to take and  pay 
fo r  more  o r  less of an ancillary service than they use. For these reasons.  the C o m m i s s i o n  
concludes  that  the six required anci l lary services should not  be bundled with t ransmission 
service." 

Recogniz ing  the economic  eff iciencc and  equity benefi ts  of assess ing  charges  o n  the 
basis of customer-specif ic  costs ,  w e  inves t iga ted  the requi rements  for  two key ancillary 
services,  regulation and load fo l lowing.  W e  determined the extent  to which  indiv idual  
cus tomers  and subgroups  of cus tomers  cont r ibute  to the sys tem's  generat ion requi rements  for  
these two services,  in particular whe the r  s o m e  cus tomers  a c c o u n t  for  shares  of these  two 
services that  differ substantially f rom their shares  of  total electricity consumpt ion .  

T h e  remainder  of this sect ion def ines  these two  ancillary services and  expla ins  h o w  they 
differ  from each other. Chapter  2 descr ibes  the da ta  w e  obta ined ,  the quali ty-control  c h e c k s  w e  
applied to the data,  and  our  data convers ions  to separate system-level  regulat ion from load- 
fol lowing requirements .  Chapters  3 and 4 present  (1)  the me thods  w e  developed to create 
system and customer-specific metr ics  for regula t ion  (Chapter  3 )  and load fo l lowing ( C h a p t e r 4 )  
and  (2) the results obtained with these me thods .  Chapter  5 presents  o u r  conclus ions .  

Because  electricity is a  real- t ime product ,  control-area operators  m u s t  ad jus t  genera t ion  
to m e e t l o a d  onaminu te - to -minu te  basis .  A s  the electricity industry becomesde in t eg ra t ed ,  with 
compet i t ive  generat ion separated from regula ted  transmission and system control ,  def in ing  the 
requi rements  and  responsibilities to m e e t  t ime-varying cus tomer  loads  is increas ingly  
impor tant .  Regulat ion and load fol lowing are  the two key ancillary services required to perform 
this funct ion.  (Energy imbalance is,  depend ing  o n  one ' s  defini t ion,  e i ther  the service o r  the 
account ing  function that  corrects for  hour ly  e r ro r s  in the provis ion  of ene rgy  and the o the r  two 
services.) 

Loads  can  be decomposed into three e l emen t s  (Fig.  1).  T h e  first e l emen t  is the average  
load (base)  dur ing  the scheduling per iod ,  8 5  M W  over  the o n e  hour  s h o w n  in this case .  T h e  
second e l emen t  is the trend ( r amp)  dur ing  the hour  and from h o u r  to hour  ( the morning  p ickup 
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Fig. 1. C o m p o n e n t s  of a h y p o t h e t i c a l  load  o n  a w e e k d a y  m o r n i n g .  I 
in this case) ;  here that  e l emen t  increases  from -5 M W  a t  7 a.m. to + 9  M W  a t  8 a.m. T h e  third 
e l emen t  is the rapid f luctuat ions in load  around the underlying trend;  h e r e  the f luctuat ions range 
ove r  +2 M W .  C o m b i n e d ,  the three e l emen t s  yield a load that  r anges  f rom 7 8  to 96  M W  durinn I 

- 
this hour. 

T h e  system responses  to the second and third componen t s  are ca l led  load  fol lowing and 
I 

regulat ion.  These  two services (plus,  perhaps,  energy imbalance)  ensu re  that,  under  normal  
operat ing condit ions,  a control  a r ea  is able to balance genera t ion  to load .  T h e  two services are 
briefly defined below [see also F E R C  (1996),  Hirst  and  Kirby  (1998) ,  and  Interconnected 

I 
Opera t ions  Services Work ing  G r o u p  (1997)l :  I 

Regulat ion is the use of  online generat ing units that  a r e  equ ipped  with automat ic  
genera t ioncont ro l  (AGC) and that can  change  ou tpu t  quickly  (MWiminu te )  to track the 
moment- to-moment  f luctuat ions in cus tomer  loads  and  to cor rec t  for  the unintended 
fluctuations in generat ion.  In s o  doing,  regulation he lps  to main ta in  interconnection 

I 
frequency,  manage  differences be tween actual  and  schedu led  p o w e r  f lows  be tween 
control  areas, and  match genera t ion  to load within the cont ro l  area.  Th i s  service can  be 

I 
provided by any appropriately equipped generator  tha t  is connec ted  to the grid and 
electrically c lose  enough to the local cont ro l  a rea  that  physical  and  economic  
transmission limitations d o  not  prevent  the importat ion of this Dower. 

I 



m Load  fol lowing is the use of online generation equ ipmen t  to track the intra- and  inter-  
hour  changes  in cus tomer  loads.  Load fol lowing differs from regulat ion in three 
impor tant  respects. First, i t  occurs  over  longer t ime intervals than does  regula t ion ,  10 
minutes  o r  more  rather  than minute to minute. Second,  the load-fo l lowing pa t te rns  of 
individual  cus tomers  are highly correlated with each  other, whereas  the regulat ion 

- - - p ~ m - t ~ g e f y t ~ e ~ f f e - t a t e d - ~ g e s - a ~ e u f t e a - p r e & t a b i e -  
(e.g., because  of the weather dependence  of m a n y  loads) and  have  s imi lar  day- to-day  
pat terns.  Even when not predictable by the control-area opera tor ,  the cus tomer  can  
inform the control center  of impending  changes  in its electricity use. 

F E R C  (1996) ,  in its Order  888 ,  which defined six ancillary services,  did no t  d iscuss  load  
fo l lowing.  Perhaps  because of this omission,  most  utilities and  independent  sys tem ope ra to r s  
( ISOs)  d o  no t  include load following in their tar iffs . 'The absence  of this serv ice  requi res  the 
Cal i forn ia  I S 0  to acquire much more regulation (as  well  as  o t h e r ~ e r v i c e s ~  such a s  r ep lacemen t  
reserves  and  supplementa l  energy) than i t  otherwise wou ld  (Wolak ,  Nordhaus ,  and  Shap i ro  
1998) .  Specif ical ly,  the California I S 0  buys regulat ion in amounts  equiva lent  to abou t  5 %  of 
daily load,  compared  with about  I% for  mos t  utilities. Thus ,  the I S 0  is subst i tut ing an 
expens ive  service (regulation) for  an inexpensive one  ( load fol lowing).  Perhaps  because  of 
these problems,  FERC (1999),  in its notice on RTOs,  proposed  to require R T O s  to opera te  real-  
time balancing markets. The  primary resource for these markets  is generators  that  can  c h a n g e  
ou tpu t  every five o r  ten minutes (i.e., to follow load). 

'The Mountain West Independent Scheduling Adminis~rator 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 5- or 10-minute economic dispatch of their 
generating units. 



CHAPTER 2 

DATA 

W e  obta ined  30-second data f rom a control-area operator  on  generat ion and load for  a  
12-day  per iod  in February 1999,  a  total of 34 ,560 observat ions. 'For e a c h  30-second interval,  
the data inc luded total  generation, net  imports ,  total load,  and  the loads for  several  individual  
industr ial  cus tomers .  These  large industrial cus tomers  include,  among others ,  steel mills,  oil  
ref ineries ,  and  air-separation facilities. For confidentiality reasons,  we  sca led  all the data s h o w n  
here .  

W e  s u m m e d  the industrial loads  to create a  subgroup  that we  called industr ial  l oad .  W e  
cal led the d i f ference  between total load and i n d u s t r ~ a l  load nonindus tr ia l  l oad .  Figure 2 s h o w s  
the hourly loads  for  five days (Wednesday through Sunday) .  T h e  total and nonindustr ial  loads  
show the expected  winter  patterns with morning  and even ing  peaks,  and with lower  loads  (by 
rlbout 1 0 % )  o n  the weekends .The  industrial load,  on  the o ther  hand,  is relatively constant  from 
hour  to hour .  Its coeff icient  of variation (rat io of s tandard deviation to m e a n )  is about  half that  
of the nonindus t r ia l  load .  

D A T A  Q U A L I T Y  

Th i s  da ta  se t  includes a lmost  3 million e lements .  G iven  its large size,  it is not surpris ing 
that  w e  found severa l  anomalies  in the raw data.  Overa l l ,  o n e  record is missing every  three 
hours .  T h e  analysis  software w e  developed for  this project  d o e s  not requi re  all the da t a  for  a  
part icular  period to be  present. W e  used l inear  interpolation to impute the missing da ta .  

Ano the r  type  of data anomaly  was  harder  to recognize.  W e  found 1 2  cases  where  one  
o r  m o r e  industr ial  loads  rise for  a  s ingle reading wi thout  a  cor responding  rise in the total load.  
F o r  these load c h a n g e s  to be real,  a  s imul taneous  d r o p  would  have to occur  in nonindustr ial  
load  for  that  s ingle  time step. W e  deleted f ive da ta  poin ts  as being clearly impossible.  W e  
d ropped  three points  because the control-area opera tor  data-collection system identif ied 
p rob lems  a t  those  times. W e  deleted one  record because  mult iple industr ial  loads sp iked  
s imul taneous ly  wi th  no corresponding sp ike  in the total load.  

Failure to el iminate bad data results in errors  in the analysis.  Sp ikes  in the data show up 
as  abnormal ly  h igh  regulation requirements  (high hourly s tandard deviat ion of  the short- term 

I 'We obtained and analyzed comparable data for a  12-day period i n  August and September 1999. We 
d o  not report these late-summer results because they are so close to those reported here for February. 
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Fig.  2. H o u r l y  sys tem l o a d ,  n o n i n d u s t r i a l  l o a d ,  a n d  i n d u s t r i a l  l o a d  ( t h e  s u m  of 
s e v e r a l  l a r g e  i n d u s t r i a l  l o a d s )  f o r  f ive days .  

f luctuat ions)  for one  o r  more  of  the loads .  T o  facilitate analysis,  the sof tware  per forms severa l  
da ta  checks .  Tota lgenera t ion  is c o m p a r e d  wi th  the sum of  the indiv idual  genera tor  outputs  and 
the  d i f ference  is reported if the imba lance  exceeds  10 M W .  Repor t ed  and calculated area  
cont ro l  error  ( A C E )  is reported if the difference exceeds  10 M W .  Sp ikes  in industr ial  load  not 
ref lected in total load  are repor ted  if they exceed  100 M W .  T h e s e  anomal i e s  a re  recorded by 
the sof tware  s o  tha t the  specif ic  da t a  points  can  be  examined  for  poss ib le  e l iminat ion .  Dropping  
too many  da ta  points  runs the risk of  e l iminat ing  interesting and  impor t an t  events .  W e  
identif ied quest ionable data in f e w e r  than 0.1% of  the 34 ,560 records .  

T E M P O R A L  A G G R E G A T I O N  F O R  R E G U L A T I O N  

Assessing the individual  cus tomer  cont r ibut ion  to the overa l l  regula t ion  r equ i r emen t  
necessari ly involves generat ion per formance .  A cont ro l  area is not  expec ted  to perfect ly match  
genera t ion  and load instantaneously.  Rather ,  genera t ion  matches  load  wi th  s o m e  t ime lag ,  and ,  
therefore,  generat ion matches  load  only approximately.  T h e  Nor th  Amer ican  Electric 
Reliability Counci l  ( N E R C  1999)  Con t ro l  Per formance  Standards  ( C P S )  I  and  2 se t  statistical 
limits on  the al lowable d i f ferences  be tween one-minute  averages  of  the cont ro l  a rea ' s  
d i f f e rence  between aggregated genera t ion  and interchange schedu le s  relat ive to load (i.e., 
A C E ) .  T h e  cos t  of regulation is a  funct ion  of  the oppor tuni ty  and  opera t ing  cos ts  of the 
genera t ion  capaci ty used to p rov ide  regulat ion.  T h e  control-area ope ra to r  s tudied  here  is 



satisfied with its C P S  performance.  I t  meets  X E R C  requi rements  wi thout  was t ing  m o n e y  by 
overcompl iance .  

A l though  the A G C  sys tems a t  m o s t  utility cont ro l  centers  s e n d  raise and l o w e r  pu l se s  
to individual  genera tors  as  frequently as  every two o r  four s econds ,  genera tors  d o  no t  fol low 

. .. -. - - ~  
such  short- term load  f l u c t u a % ~ O ~ ~ p r i ~ o ~ H i r s t  andp-K36;J-1996) sugges ts  tha t  
generat ion fo l lows load at the one -  to two-minute interval.  

W e  began this portion of the analysis  with the 30 - second  data o n  generat ion and  load  
regulat ion for  the ful l  1 2  days. Regulat ion is here quantif ied as  the difference be tween total  load  
(generat ion) and  the 30-minute  rolling average  o f  load (generat ion).  W e  aggregated  these 30 -  
second da ta  to c rea te  three addit ional  datasets  with 60- ,  120- ,  and  240-second averages  of the 
original  data. 

Figures 3 and  4 show,  for  one  hour ,  the relationship be tween  the regulat ion c o m p o n e n t s  
of load and genera t ion .  T h e  first graph s h o w s  that  load f luctuates rapidly and substant ial ly 
around its rolling ave rage ,  whereas  generat ion moves  much  more  s lowly  and with a  m u c h  
smal ler  ampl i tude .  In going from 30-  to 60 -  to 120-  to 240- second  averages ,  the genera t ion  
patterns are largely unchanged,  bu t  the load patterns b e c o m e  much  smoother .  smal le r  in 
ampli tude.  and s lower  moving.  T h e  ratios of the s tandard deviat ion of generat ion to the 
s tandard deviat ion of load increase from 0 .45  for  30-second ave rages  to 0 . 5 , 0 . 6 ,  and  0.7 wi th  
60-,  120- ,  and  240-second averages.  Note that even  with 4 -minu te  averages ,  load volatility 
remains 4 0 %  higher  than generat ion volatility. A c lose  look a t  the g raphs  s h o w i n g  2- a n d  4 -  
minute averages  sugges ts  that generat ion lags load by a t  least  two  minutes  (F ig .  4). 

T h e s e  visual  observat ions are  conf i rmed by statistical analysis .  W e  calculated 
correlat ion coeff icients  be tween generat ion and load for  each  of  the four  datasets  for  e a c h  of 
the 12 days .  W e  then  repeated these analyses by lagging genera t ion  1 ,  2 ,  ... , 12 time per iods  
from load (Fig.  5) .  T h e  correlation be tween generat ion and load  increases in go ing  f rom 3 0 -  
second averages  to 4-minute  averages.  T h e  correlat ion be tween lagged genera t ion  and load  is 
highest  for  a  lag of  3 to 4 minutes. 

Finally, w e  ran regression mode l s  of  genera t ion  as  a  funct ion  of cu r ren t  and  prior-period 
loads with 30-.  60 - ,  and  120-second data. T h e  mode l s  all  have  h igh  explanatory  power  ( the  R' 
values are all  a b o u t  0.7). T h e  models  all show that  cur rent  load  is a  poor  predictor  of  cu r ren t  
generat ion.  (Remember ,  we  are discussing here only the f luctuat ions in genera t ion  and  load 
about  their 30 -minu te  rolling averages,  not  the totals.) Load  h a s  a  statistically s ignif icant  e f fec t  
on generat ion be tween  I  and 9 minutes.  

W e  found these results surpris ing.  W e  had  expected  to find that  3 0  seconds  w a s  too 
short  a  t ime-averaging  period and that the appropriate  period would  fall  be tween 1 and  2 
minutes because C P S ,  the per formance  metr ic  for  the cont ro l  area, is based  o n  I -minu te  
averages .  These  resul ts  suggest  t h a t 4  minutes may be more  appropriate .  A l though  the da ta  and  
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Fig.  4.  Relationship between the regulation components  o f  utility generation (solid 
line) and  load (dashed line) with  120-second averages  (top) and 240-second 
averages  (bottom).  
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Fig .5 .  C o r r e l a t i o n  coeff ic ien t  be tween  g e n e r a t i o n  a n d  l o a d  r e g u l a t i o n  a s  a  f u n c t i o n  

of t h e  t i m e - a v e r a g i n g  p e r i o d  (30  s e c o n d s  to f o u r  m i n u t e s )  a n d  t h e  l ag  
b e t w e e n  l o a d  a n d  g e n e r a t i o n .  

I 
I 

analys is  sugges t  a  4-minute  t ime-averaging  per iod ,  w e  chose  a 2-minute  period because  this 
is a  conserva t ive  approach (i.e., it p reserves  m o r e  information) and  i t  is consistent  wi th  the 
resul ts  of  o u r  analysis of regulation data for  t w o  o ther  utilities. 

I 
T I M E - A V E R A G I N G  PERIOD I 

T h e r e  is no hard-and-fast  rule to def ine  the tempora l  boundary  be tween regulat ion and  
load  fo l lowing.  If the t ime chosen  fo r  the spl i t  is too short  (e.g., f ive minutes) ,  too m u c h  of  the 
f luc tua t ions  wi l l  appear  as  load fo l lowing and no t  enough  as  regulation. If the boundary  is too  

I 
l ong  (e.g.. 6 0  minutes) ,  too m u c h  of  the f luctuat ions will  show up as  regulat ion and not  enough  
as  load  fo l lowing.  B u t  in each  case ,  the total  is unchanged and is captured  by o n e  o r  the other  

I 
of these two services.  

- 
W e  used rolling averages  to def ine  the boundary  be tween the two services.' W e  tested 

20- ,  30-: 40-. 50-.  and  60-minute  rolling averages  with 2-minute data. For  the 30-minute  rolling I 
'The use of a rolling average to separate regulation from load following is a n  analytical convenience, 

n o t  possible in real time. System operators instead use sophisticated analytical methods to forecast loads for 
ths next few hours, based on current a n d  expected weather conditions, prior loads, and other factors. 

I 



average ,  as an example ,  we  calculated the rolling average for each  2-minute  interval as  the 
mean value of the seven earl ier  values of the variable, the cur rent  va lue ,  and  the subsequen t  
s even  values: 

- Load fo l lowing,  = Load ,,,,,,,,,., = Mean (L,, + L,., + ... + L, + L,,, + .... + L,,,) , 
-- 

~ ~ 

Regulat ion,  = Load,  - 

Select ing the appropriate  rol l ing-average period to analyze load fol lowing depends  on  
the factors that  affect  generat ion costs ,  which are specif ic  to the genera tors  providing load 
fol lowing.  Seve ra l  quest ions m u s t  be  answered  to determine the appropr ia te  rol l ing-average 
period. Does  the predictability of load fol lowing reduce costs  by enabl ing  economic  dispatch 
for  the units that  provide load fo l lowing?  Are costs  reduced for  all  s l o w e r  movements  o r  only 
for  predictable movemen t s?  W h a t  is the lead time required to enable  load  fol lowing? 

W e  analyzed  the impact  of changing  the rolling-average per iod .  T h e  top part  o f  Fig. 6 
shows  a sh i f t  in load-fol lowing responsibility (but  no similar  sh i f t  in the regulat ion 
responsibility) be tween the industr ial  and  nonindustr ialcustomers a s  the rol l ing-average period 
changes  from 20 to 6 0  minutes.  .As discussed in Chapter  3,  we  use the s tandard deviat ion of  
regulation as  the key metric for this service. For purposes of this compar ison  with load 
fo l lowing,  w e  multiply the regulat ion standard deviat ion by 3, w h i c h  captures 99% of its 
variation. 

W e  also compared  the regulat ion and load-following magn i tudes .  T h e  bottom par t  of 
Fig.  6 shows  that  the s u m  of to ta l load-fo l lowing and regulation requi rements  remain  relatively 
cons tant ,  varying from 161 M W  a t  2 0  minutes to 156 M W  at  6 0  minutes .  Nonindustr ial  
regulation requi rements  remain cons tant ,  as  well, a t  7 M W .  Nonindus t r ia l  load fol lowing rises 
as  the t ime-averaging period is ex tended,  from 23 M W  a t 2 0  minutes  to 3 1 M W  at  6 0  minutes .  
Lengthening the rol l ing-average period from 2 0  to 60  minutes shifts 2 2  M W  of the industrial 
variability from load fol lowing to regulation.. 

Chang ing  the rol l ing-average durat ion has  two major  impacts .  Shor tening  the per iod  
shif ts  the industr ial  variability f rom regulat ion to load fol lowing and shif ts  load fol lowing from 
the nonindustr ial  to the industrial cus tomers .  Select ing the cor rec t  rol l ing-average durat ion 
should  be based  o n  a break poin t  in the generat ion cos t  dr ivers  to provide  each  serv ice ,  
probably based on  the costs  of e c o n o m i c  dispatch and the time requi red  to implement  it. For 
this analysis w e  used a 30-minute  rolling average .  

Because  this control-area opera tor  is satisfied with its CPS performance ,  we  d o  not  deal  
with the arnolint of each  service that  should be provided.  T h i s  pro jec t  deals  only with the 
ullocarion among  cus tomers  of the exist ing services and  their costs .  
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Fig. 6 .  T h e  effects of changes  in the roll ing-average period on  the allocation of  load 
variation between regulation a n d  load following by type of  load. 



REGULATION 

S Y S T E M - L E V E L  M E T R I C S  

Select ion of an appropriate metr ic  for  regulation should  be based  o n  the underlying cos t  
drivers  to provide the service (i.e., the units that are o n  A G C ) .  For  e x a m p l e ,  if the cos ts  are 
dominated  by ramp-rate (M Wiminute)  considerat ions,  then the speed  of regula t ion  units m ~ g h t  
be a  better metr ic  than the amoun t  of regulat ion capacity. In addit ion,  the chosen  metr ic  should  
be amenable  to mathematical  manipulat ion that permits definition of the relat ionships be tween 
individual  loads  and the total load.  In this project,  w e  analyzed load  da ta  only :  w e  did not  
cons ider  the types and  costs  of generat ing units used  to provide the serv ice .  ( W e  did ,  as  
explained in Chap te r  2 ,  examine  the dynamics  of generat ion vs loads.) 

W e  examined four possible metr ics  for  regulat ion,  using the 2 -minu te  regulat ion values 
defined above:  

S tandard  deviat ion ( M W )  of the 30 values in each  hour ;  

Average  of the absolute values ( M W )  of the 30 values in each  hour ;  

a Average  regulat ion rate (MWlminute) ,  calculated a s  one-half  the ave rage  of the absolute 
values of the 2 9  differences be tween adjacent  regulat ion values; '  and  

M a x i m u m  regulation rate (MWlminu te ) ,  calculated as  one-half  the m a x i m u m  value of 
the absolute values of the 2 9  differences between adjacent  regulat ion values.  

Table  I summarizes  the average,  m a x i m u m ,  and min imum values of  these  fou r  met r ics  for  total  
system load.  Overal l ,  regulat ion (as  measured  by  the s tandard devia t ion)  is 1.3% of  total  load.  
T h e  two magni tude  metr ics  (standard deviat ion and average  of the absolu te  values)  are highly 
correlated with each other .  These  correlat ion coeff icients  are al l  a b o v e  0.95 for  total load ,  
nonindustr ial  load,  and  industrial load .  T h e s e  very h igh  correlat ions sugges t  that  w e  need  use 
only one  of these two magni tude  factors;  w e  chose  the s tandard deviat ion.  

I 
'We multiply the average by one half to convert from the 2-minute differences to I-minute 

differences. This metric can also be calculated as the total path length (the sum of the absolute values of all 
the M W  movements) during a n  hour divided by 60. 



T a b l e  1. R e g u l a t i o n  m e t r i c s  f o r  sys t em load  fo r  12 d a y s  in F e b r u a r y  1999 (288 h o u r l y  
o b s e r v a t i o n s )  

I 
Standard Average  of Average  rate  M a x i m u m  rate 

deviat ion (MW) absolute values (MWiminn te )  ( M W l m m o t e )  
I 

d . 

Average  3 1 25 14 4 1 1 
Maximum 50 46 2 I  84 

Min imum 1 6  1 3  8 18  I 

O n  the other  hand.  the correlations between either of these two  magni tude  variables and  
the average  regulation speed  variable are l ower  (0.7 for  nonindustr ial  load and 0.6 for  industr ial  

I 
load) .These  lowercorre la t ion  coeEficients sugges t  that we  may need two variables to accurately 
capture  regulat ion,  a  magni tude  ( M W )  factor and a ramprate (MWlminu te )  factor .  Wl thou t  
information o n  the cos ts  of regulation ramprate,  we  did not  pursue  this second metr ic .  

I 

Final ly,  the correlation coefficients between load itself and  regulat ion are ver? l o w ,  
I 

suggestin: that  load is a  poor  predictor of regulation requirements .  I - 
Figure 7 s h o w s  the hour-to-hour patterns in regulation magni tude  for  weekdays  and 

weekends .  F igure  8 s h o w s  the variations f rom day to day  in average  regulat ion burden.  T h e s e  
oraphs show that  the industr ial  loads  have  much  greater volatility than d o  the nonindustr ial  D 

loads.  Indeed,  as  a  sha re  of  total load, the industrial loads  require a b o u t  s ix  t imes as  m u c h  
I 

regulation a s  d o  the nonindustr ial  loads.  I 
C U S T O M E R - S P E C I F I C  M E T R I C S  

Hav ing  establ ished system-level  metr ics  for regulat ion,  w e  turn our  at tent ion to the 
I 

deve lopmen t  of metr ics  for  customer-specif ic  ass ignment  of the total regulat ion amoun t .  Th i s  
cus tomer  al locat ion is especial ly impor tant  fo r  utilities that  h a v e  nonconfo rming  loads  (e.g., 
s teel  mills). 

I 
Because  regulation is the short,  minute-to-minute f luctuat ions in load,  the regulat ion 

componen t  of  each  cus tomer ' s  load is largely uncorrelated with those of  o ther  cus tomers .  If 
I 

each cus tomer ' s  load f luctuat ions (0 , )  is completely independent  of  the remainder  of the sys t em,  
the total regulation requirement (0,) would equal  1 

where  i refers to an individual  cus tomer  and T is the system total. I 
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. ,sl Load 

- - Nonindustrial Load 
- - -  Industrial Load 

Fig .  8. A v e r a g e  da i ly  r e g u l a t i o n  r e q u i r e m e n t .  

In this ideal ized case ,  the sha re  of  regulat ion assigned to each  cus tomer  would  equal  

Share ,  = ( O J O ~ ) ~  , 

and  there  would  be  no  need to analyze interact ions a m o n g  cus tomer  loads  in calculat ing the 
total  regulat ion burden.  I 

If ,  o n  the o ther  hand,  the loads  are comple te ly  correlated wi th  each  o ther  [i.e., the 
correlat ion coeff icient  ( r )  be tween  each  pair  of loads  equals  11, the total  regulat ion requi rement  
is the s imple  sum o f  the individual  requi rements :  

I 

o r  = 1 0 , .  (3) 
I 

In this idealized case ,  the sha re  of  regulat ion assigned to each  cus tomer  wou ld  equal  I 

Tab le  2 s h o w s  the total regulat ion requi rement  and  cus tomer  shares  for  two  customers,  
o n e  wi th  a  s tandard deviat ion of  3 M W  and the second with a  s tandard  deviat ion of 4 M W .  If 
th2 two loads  are i ndependen t  of  each  o the r  ( r  = O), the total regulat ion requi rement  is 5 M W .  

I 



I If,  h o w e v e r ,  the two loads are comple te ly  and positively correlated with each o ther  ( r  = l ) ,  the 
total  regulat ion requirement is 7 M W .  Finally, if the two loads are comple te ly  and  negatively 

I 
corre la ted  with each  other  ( r  = - I ) ,  the total regulation requirement is 1 M W .  

T a&Uol;+lqeglation-~eq~irem en t--(an~-o~f-tota.1)Io.r-tw-0-loa.ds-asa€nc t i - o f t - -  -. - -  - 

c o r r e l a t i o n  be tween  t h e  t w o  l o a d s  

Regulation amoun t  ( %  share)  

I Load  Standard  deviation Uncorrelated Positively Negatively 
( M W )  correlated correlated 

I 1 3 1.8 (36%)  3 ( 4 3 % )  - 3  ( - 3 0 0 % )  

I Tota l  -- 5 7 I 

I Figure  9 shows  results from an analysis of data for 19 large industrial cus tomers  from 
another  cont ro l  area.  As  expected.  the actual  value of the total regulation requi rement  is slightly 

I 
( 9 % )  higher  than the total calculated as i f  the loads  were  completely uncorrelated.  Also as 
expected .  the actual  value is m u c h  ( 6 3 % )  less than that calculated as if the loads  were  
comple te ly  correlated.  In this case,  the loads  exh ib i t  a  s l ight  posi t ive correlat ion wi th  each 

I other .  

- 
Figure  1 0  s h o w s  geometrical ly the possible relationships be tween two loads  (A a n d  B )  

I and the total  regulat ion requirement.  (Each  e l emen t  c o l ~ l d  be  represented by its s tandard 
deviat ion.)  In the top panel ,  the two loads  are uncorrelated,  and the total regulat ion r equ i r emen t  
is the squa re  root of the sum of the squares  of the individual  loads  (Eq.  I ) .  In the middle  panel ,  

I the same  two loads  are negatively correlated wi th  each  other ,  yielding a total  regulat ion 
requi rement  less than that  shown  in the top panel .  T h e  bottom panel  illustrates a  situation 

I 
oppos i te  to that  shown  in the middle panel;  in this case,  the two loads  are  positively correlated 
with each  other ,  and  the total regulat ion r equ i r emen t  is more  than that  s h o w n  in the top panel .  

I T h e  quest ion is how to al locate fairly the total regulat ion requi rement  be tween  these two 
loads  ( and ,  by extension,  among severa l  loads). T h e  allocation method should  yield resul ts  that 
are i ndependen t  of any subaggregations.  In o ther  words ,  the ass ignment  of regulat ion to load 

I L should  not  depend  o n  whether  L is billed for  regulation independently of  o ther  loads  o r  as  
par t  of a  g roup  of  loads.  In addi t ion ,  the al locat ion method should  reward  (pay )  loads  that 
reduce  the total regulation burden. '  In the middle panel  of Fig. 10, load A offsets  s o m e  of the 

I '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 w i t h  the first one discussed above. 



Loads Completely Conelated 

OActud 

Loads-tely LIncoweht0d- - 

Fig.9.  R e g u l a t i o n  r e q u i r e m e n t  f o r  1 9  c u s t o m e r s , s h o w i n g  t h e  r e l a t i o n s h i p s  a m o n g  
t h e  a c t u a l  v a l u e  a n d  t h o s e  r e q u i r e m e n t s  t h a t  w o u l d  o c c u r  if t h e  l o a d s  w e r e  
comple t e ly  u n c o r r e l a t e d  o r  w e r e  pe r f ec t ly  c o r r e l a t e d .  

regulation requi rement  of B ,  yielding a total requi rement  less than  that  of  B a lone;  A should  be 
paid for  its contr ibution to reducing  regulat ion.  

F igure  I 1  illustrates schematical ly the method that  w e  developed for  such  al locat ions;  
s e e  the Appendix  for  details. ' T h i s  me thod  w o r k s  for  the t w o  ex t r eme  si tuat ions d iscussed  
above ,  when  loads are ei ther  comple te ly  uncorrelated o r  perfectly cor re la ted .  M o r e  impor tant ,  
this method yields reasonable  resul ts  for  the intermediate ca ses  w h e n  loads  are  partially 
correlated with each  other .  Cons ide r  two  loads  A and B and  the Total ,  with the  regulat ion 
requi rement  of each  based  on  the s tandard  devia t ion  of the short- term fluctuat ions.  W e  propose  
a geometr ic  approach to calculat ing the contr ibution o f A  to the Total ,  based  on  the project ion 
of A onto  the Total ( shown  as X in Fig.  I I ) :  

X = (Total2 + A' - B 2 ) / ( 2  x Total )  . ( 5 )  

'Alternative methods can probably be applied to this problem, but they may not scale appropriately, 
may nothandle loads t h a t  are neithercompletely uncorrelated nor completely correlated with each other, and  
m a y  be sensitive to suhaggregations. The f ina l  section of  the Appendix describes an alternative approach that  
we tested b u t  found unsatisfactory. 



I i ,- 

f --. I 
I 

/ - L e a d s  A a n d  0 u n c o r r e l a t e d  
i 

i 
i 1 

. . . 
. . . . . . -A,-/ 

I 
t ! / 

. ----T 
I A / . 

/ '.B j 

I I /' ! . i 
/ 

. ! ; . 1 / . 1 . . I 

i 1 

I 
. i 

! / . . ! - T o t a l  

\ ', 
\ . L o a d s  A a n d  B 
\ ‘.negatively c o r r e l a t e d  

\ 

. L o a d s  A a n d  B 
' - . p o s i t i v e l y  c o r r e l a t e d  

0' 

/ 

/ .f T o t a l  . . I  

Fig.  10. T h e  relationships between the standard deviations of  
two loads and the total regulation requirement,  
assuming the two loads a r e  uncorrelated,  negatively 
correiated, o r  positively correlated.  



/ 
. 

I . 
/ *  8'.  I . 

/ . 
I 

. 
/ 

. . . 
/ I . . 

/ I . . 
/' 

X I T o t a l  . -. 
e.2, #O<.t* 
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s h a r e  of  t h e  to ta l .  B's  s h a r e ,  by  s u b t r a c t i o n ,  is Total  - X .  

T h e  contr ibution of B to the T o t a l  is then equal  to To ta l  - X 01 

To ta l  - X = (To ta l2  + BZ - ~ ~ ) / ( 2  x T o t a l ) .  ( 6 )  

This  method can  be extended to three or  more loads  through d isaggregat ion  of the total 
into various components .  T h e  only  computa t ional  requi rement  is to ca lcula te  the s tandard  
devia t ion  of each  componen t  and  of  each  subtotal  (total minus  load i). Cons ide r ,  as  an example ,  
a  utility that  wants  to assign regulat ion charges separately for  the residential  class ,  the 
c o m m e r c i a l  class ,  f ive industrial cus tomers ,  and the remainder  o f  the industr ial  class ,  e igh t  
g roups  in all. T h e  utility wou ld  calculate .  for each hour ,  the s tandard  deviat ion of e ight  
subtotals  (total - residential  class ,  total  - commercia l  class ,  and s o  o n )  a s  wel l  as  the s tandard 
devia t ions  of  each g roup  of cus tomers  and  the total, I 7  values in all. 

T a b l e  3 i l lustrates numerical ly how the allocation process works  wi th  more  than two 
loads.  T h e  table shows  the s tandard devia t ions  for  four  industrial loads  and  their total. T h e  final 
co lumn  s h o w s  the method ' s  al locat ion of  the 26 .3 -MW regulat ion total  to the four loads.  If 
these  four loads  were  completely uncorrelated,  the total regulation r equ i r emen t  would  be 30 
M W ,  14% higher  than the actual.  (The  ac tua l  regulation requirement is l o w e r  than wha t  would  
o c c u r  if the loads were  uncorrelated because  the loads are slightly negatively correlated with 



e a c h  other.) If, o n  the other hand,  the loads were completely and positively correlated, the total 
requi rement  w o u l d  be  58  M W ,  121% higher than the actual.  

The m e t h o d  proposed here  can accommodate  a mix of individually metered  l o a d s  a n d  
subaggregat ions ,  such  as severa l  large industrial loads  that  are metered separately and  
a g g r e g a t i E s  ?TCousandm-res i&nt i a l  a n - & c ~ t - n r s t o m ~ r s ; T - h - e s u - b a g g r e g a t i  o f  
the nonmetered  residential and commercia l  loads wil l  have  the correct  sha re  of regula t ion  
assigned to t h e m ,  any cost shifting will  occur  within the subaggregations and  not  be tween  the 
subaggregat ions  and  the individually metered 1oads.This desirable property greatly r educes  the 
need to me te r  any  bu t  the most  nonconforming loads.  

T a b l e  3.  A p p l i c a t i o n  of r egu la t ion -a l loca t ion  m e t h o d  to f o u r  i n d u s t r i a l  l o a d s  

Standard Standard Regula t ion  
Load deviat ion ( M W )  deviation of total allocation ( M W )  

minus  load ( M W )  

.A 20.0 2 1.2 12.2 
B 12.5 25 .7  3.6 
C 10 1 36.0 2.2 
D 15.5 22.3 8.3 

To ta l  26.3 26.3 

R E S U L T S  

Dur ing  the 1 2  days studied, the hourly regulat ion standard deviat ion for  the sys t em a s  
a who le  ranged be tween 16 and 50  M W ,  with a mean of 3 1  M W  (see Figs. 7 and  8 ) .  T h e  
nonindustr ial  and  industrial s tandard devia t ions  averaged I 0  and 3 I M W .  (For  compar i son ,  the 
average  nonindus t r ia l  load w a s  1280  M W ,  and the average  industrial load w a s  670 M W ,  
yielding a total  system load of  1950  M W  dur ing  these 1 2  days.) 

T h e  al locat ion method assigned the industrial cus tomers  93% of the regulat ion total,  
a lmos t  triple their  34% share of  system load. A s  shown  in Fig. 12, there were  severa l  h o u r s  
u hen  the industr ial  customers were  assigned more  than 100% of the regulation r equ i r emen t  
( reaching  132% o n e  afternoon). Dur ing  the hours  that  the industrial sha re  exceeded I O O q ,  the 
nonindustr ial  cus tomers  would have  received a credi t  for  regulat ion,  offsetting their regulat ion 
cos ts  during the other  hours. 

W e  applied the same method to al locate the industr ial  load among  its c o m p o n e n t s .  
Interestingly, two  of the loads are negatively correlated with the others, yielding sma l l  negat ive  
regulation requirements .  
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Fig.  12. The  share of hourly system regulation requirement assigned to several large 
industrial customers ,  which averaged 9 3 %  over these 12 days .  

I 



CHAPTER 4 

L O A D  F O L L O W I N G  

S Y S T E M - L E V E L  M E T R I C S  

W e  examined  two  possible metr ics  for  load fol lowing:  

a Load-fo l lowing magni tude  (M W )  measured as  the difference be tween the max imum and 
m i n i m u m  values of 30-minute rol l ing-average load  dur ing  each  hour  and 

Load- fo l lowing  rate ( M W i m i n u t e )  measured a s  the ratio of  the first metric divided by 
the n u m b e r  o f  minutes be tween the highest  and  lowest  load values.  

Unlike regulat ion,  load fol lowing is a  s igned quanti ty,  posi t ive if it is rising during the h o u r  and  
negative i f  i t  is falling. Table  1 summarizes  the average .  m a x i m u m ,  and minimum values of 
these two load-fo l lowing metrics for total system load.  F igure  1 3  s h o w s  the hour- to-hour  
pattern in load  fol lowing for weekdays  and weekends .  Unl ike  regulat ion,  there is a  clear  diurnal  
pattern, reflecting the morning  and early-evening peaks  and  the late-evening dropoff  s h o w n  in 
Fig.  2.  T h e  nonindustr ial  loads  track this diurnal  pat tern closely,  while  the industrial load is 
m u c h  more  erratic in its load fol lowing.  Figure 14  s h o w s  the variations in average  load-  
fo l lowing requi rement  from day to day.  Overal l ,  load  fo l lowing is 3.3% of total load.  

Table 4 .  Absolute values of load-following metrics for system load for 12 days in 
February 1999 (288 hourly observations) 

Magni tude  ( M W )  R a m p  rate (MWIminute)  

Average  6 4 1.7 
M a x i m u m  1 8 1  6.3 

M i n i m u m  I I  0 .2  

T h e  load-fol lowing magni tude  and rampra te  met r ics  are highly correlated. T h e  
correlation coeff icients  be tween the magni tude  and r a m p  rate are above  0.95 for  total load ,  
nonindustr ial  load,  and industrial load (Fig .  15). These  h igh  correlat ion coefficients sugges t  that 
load-fol lowing requi rements  are adequately captured by only one  factor. Physically, the h igh  
correlation coeff icients  mean that  the load-fol lowing r amping  requi rements  are greatest  dur ing  
the morn ing  and early-evening p ickups  and la te -evening  dropoff .  
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F ig .  13 .  A v e r a g e  hourly  l oad- fo l lowing  requ irement  f o r  w e e k d a y s  ( t o p )  a n d  
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I Fig. 14.  A v e r a g e  da i ly  load-fo l lowing r e q u i r i m e n t .  

I A s  with regulat ion,  the correlation coeff icients  be tween load  and  load-fo l lowing 
magnitude are very small ,  suggest ing that  load itself is a  poor  predic tor  of load-fo l lowing 

I 
requirements .  

C U S T O M E R - S P E C I F I C  METRICS 

I W e  calculate  each  cus tomer ' s  share  of load  fol lowing (or  that  of each  g roup  of  
customers)  as the ratio of the cus tomer ' s  coincident  load-fol lowing a m o u n t  to the total  load-  

I fol lowing amount :  

S h a r e , =  (Load i.,,n,, - Load,  ,,,,, ) / (Load ,,,, - Load  ,,,,) , 

1 where  i refers to a  cus tomer  o r  group of  cus tomers ,  T,,, is the t ime within the h o u r  tha t  the 

I 
system reaches its max imum load,  and  T,,, is the time within the h o u r  that  the system reaches  
its minimum load.  Note  that  T,,, and  T,,, refer  to the t imes of the m a x i m u m  and min imum 
system loads,  not those for  the individual  components .  

I Figure 16 illustrates how this method works .  T h e  graph s h o w s  the rolling averages  for  
one  hour  fo r  a  hypothet ical  system, wi th  residential,  commercia l ,  and  industrial loads .  T h e  

I residentialload in this example  increases monotonical ly throughout  the hour ,  from its m i n i m u m  
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Fig. 15 .  Load.foilowing r a m p r a t e  a s a  funct ion of load-foi lowingmagnitude f o r  to ta l  
load.  I 

value of 120  M W  a t  0.00 to its maximum value of 203  M W  at 1:OO. The  commercial  load also 
increases during the hour, from 310 M W  a t  0:00 to 402 MW at 0:46,  followed by a slight 
decline to 399  M W  at 1:OO. The  industrial load,  unlike the residential and commercial  loads,  

I 
decreases during the hour, from 250 M W  at 0:00 to 220 M W  a t  1:OO. The sum of these changes  
yields the system load, which increases from 680 MW at 0:00 to 821 M W  a t  1:OO; this 

I 
difference implies a total load-following requirement of 141 MW with a ramp rate of 2.35 
MWlminu te  [= (821  - 680)160]. 1 

A simple sum of the load-following requirements for each component alone yields a 
total of 205  M W  (= 8 3  + 9 2  + 30). far h igher  than the 141 MW actual. This discrepancy is a 
function of the signs of the different components  as well  as the noncoincidence of these 

I 
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  

I 
customers for load following even if their load moved counter to the system load (as  the 
industrial load does  in this example). 

I 
In this example,  allocating the total load-following requirement according to coincident 

loads assigns 59% of the total to the residential class and 63% to the commercial  class and 
I 

gives a 21% credit to the industrial class.  Allocating the requirement on the basis of I 
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Fig. 16. H y p o t h e t i c a l  s y s t e m  load  a n d  i t s  c o m p o n e n t s  f o r  o n e  h o u r .  A l t h o u g h  t h e  
s y s t e m  load - fo l lowing  r e q u i r e m e n t  is 141 M W ,  t h e  s u m  of t h e  c o m p o n e n t s  
i s 2 0 5  ,M W ,  p r i m a r i l y  because  t h e  i n d u s t r i a l  l oad  d e c r e a s e s  d u r i n g  t h e  h o u r  
wh i l e  t h e  r e s iden t i a l  a n d  c o m m e r c i a l  l o a d s  inc rease .  

noncoinc ident  loads  would  cha rge  the industrial cus tomers  for  15% of  the total even  though 
their loads were  moving counter  to the system load dur ing  this hour.  

R E S U L T S  

T h e  top pa r to f  Fig.  17 s h o w s  load-following requirements  f o r o n e o f  the 12 days s tudied 
in  this project .  T h e  dramat ic  hour- to-hour  variations are quite different  f rom the pattern w e  had 
expected  to see.  The  data show large positive load-fol lowing requi rements  a t  4 and 5 a .m. and 
again a t  5 p.m., with smaller  peaks  a t  6 , 8 , 1 0  a.m., and  noon.  T h e  da ta  a l so  show large negat ive  
values a t  7 and 1 1  a.m. as  well  as a t  I ,  3, and 10 p.m. 

W e  had anticipated an early-morning peak ,  an early-evening peak ,  and a late-evening 
dropoff  (Figs. 2 and  13).  T h e  hourly averages across all  the days  show jus t  such a pattern 
(bottom of Fig.  17). Averaged ac ros s  all 12 days ,  load-fol lowing requi rements  peak a t  3 and 
5 a.m. and  again a t  5 p.m. Requi rements  then drop  sharply a t  9 and 10 p.m. 

T h e  averaged da ta  show that  the nonindustrial load contr ibutes m o s t  to the total load-  
fol lowing requirement during the morning  and early-evening r amp  up and  again during the late- 
evening  r amp  down.  However ,  dur ing  the other  hours  of the day ,  the industr ial  load dominates .  
Whereas  the nonindustr ial  load-fol lowing pattern is consistent  from day to day,  the industr ial  



Fig .  17 .  Load-fol lowing requirement  for  o n e  w e e k d a y  (top) a n d  averaged o v e r  12 
d a y s  in February 1 9 9 9  (bottom).  



pattern is not. Indeed,  the top par t  of  Fig. 17 shows the industrial load-fol lowing requi rement  
changing  substantially from hour  to hour ,  of ten swinging from posi t ive to negat ive  and back  
again.  T h e  nonindustr ial  load,  o n  the other  hand,  shows  the expected  winter  d iurna l  pattern. 

Figure 18 Shows the absolu te  value of  system load  fo l lowing and  the coincident  
-co.n&~~ns-fromth-e~-co.mp0nen%~.1r~h~-~-1early-th.eimpo~~tance~~~tziaL1oad ~~~ 

dur ing  the hour s  o f  mild load-fol lowing changes .  In particular,  dur ing  h o u r s  0 through 4, 7 
through 17 ,  19,  20 ,  and 2 4 ,  the industr ial  load accounts  for  more  of  the total  load-fol lowing 
requirement than does  the nonindustr ial  load .  Unlike the nonindustr ial  load ,  the industrial 
load ' s  load-fol lowing pattern is no t  predictable from day to day .  (When  averaged over  severa l  
days ,  the industr ial  load-fol lowing requi rement  appears  to be m u c h  smal ler  than it actually is.) 

Because  of the pat terns s h o w n  in Figs. 17 and 18, the industrial loads  accoun t  for  much  
m o r e  of the load-fol lowing requi rement  than w e  had ant icipated:  58%, far above  their 34% 
sha re  of total load (Fig.  19). Because  the cost of load fol lowing is likely to vary from hour  to 
hour  and be  more  expens ive  during peak -demand  periods,  the industr ial  share  of  load-fol lowing 
cos ts  is likely to be lower  than 56%. Correspondingly,  the nonindustr ial  shares  of load 
fol lowing and energy are 42% and 66%.  Given  this substant ial  difference be tween shares  of 
load and load fol lowing,  cus tomer-spec i f ic  ass ignment  of  load fo l lowing is probably warranted 
for  these large industrial cus tomers .  

F ig .  18. Sys tem load - fo l lowing  m a g n i t u d e  b y  h o u r  f o r  12 d a y s i n  F e b r u a r y  1999 a n d  
t h e  c o n t r i b u t i o n  t o  t h e s e  t o t a l s  b y  n o n i n d u s t r i a l  a n d  i n d u s t r i a l  c u s t o m e r s .  



Fig. 19. T h e  s h a r e  of hour ly  load-fol lowing r e q u i r e m e n t  ass igned to s e v e r a l  l a r g e  
i n d u s t r i a l  c u s t o m e r s  f o r  12 d a y s  in F e b r u a r y  1999, which  a v e r a g e d  5 8 %  
o v e r  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% for26% of the hours 
and is less than zero for 10% of the hours.  

W e  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. For example ,  one cus tomer  accounted for 22% 
of  the industrialenergy use bu t  40% of the industrial load-following requirement. O n  the other 
hand, another accounted for  33% of the energy share  bu t  none of the load-following 
requirement. 



I CHAPTER 5 

I CONCLUSIONS 

I 
Utilities typically have several  large industrial cus tomers  with unusual  t ime s ignatures  

(ca l led  nonconforming loads). Because  these loads may contr ibute d ispropor t ionate ly  to a  
company ' s  load-fol lowing and regulat ion requirements ,  w e  developed and  appl ied  me thods  to 

I quantify system-level  and customer-specif ic  requirements  for  these two  anci l lary services.  
- 

Regulat ion and load fol lowing (a long with, perhaps,  ene rgy  imba lance )  are the real- 

I p o w e r  ancillary services that a  control  area uses to maintain the necessary rea l - t ime balance 
be tween  generat ion and load.  T h e  N E R C  Con t ro l  Per formance  S tanda rds  1 and  2 ,  both 
measu res  of area control  error ,  de termine  whether  the amoun t s  and  use o f  the generat ion 

I resources  devoted to regulation and load fol lowing are adequate .  Because  this control-area 
opera tor ' s  CPS  per formance  meets  N E R C  criteria, this project  focused  o n  the al locat ion o f  

I 
exist ing requirements  rather than on  adeterminat ion  of the appropriate  a m o u n t s  of each  service 
to provide.  

I Electricity consumpt ion  varies with time. If the consumpt ion  da t a  are e x a m i n e d  a t  the 
4-second level,  they will  show cons iderable  random movemen t .  If, o n  the o the r  h a n d ,  they are 
e,xamined at the hourly level, they will  show only smooth  and  cons is ten t  day- to-day .pa t te rns .  

I T h e  data themselves d o  not  de termine  how bes t  to disaggregate the total  into the ene rgy ,  load- 
fo l lowing,  and regulation components .  Th i s  disaggregation requi res  j udgmen t  as  we l l  as 
analysis  of the control  a rea ' s  mix of  genera t ion  and loads. Because  this cont ro l -area  opera tor ' s  

I genera t ion  fo l lows load at only the 2-  to 4-minute  level,  w e  aggregated  the 30 - second  da ta  to 
2 -minu te  averages.  W e  used a 30-minute  rolling average  to charac ter ize  load  fol lowing;  

I 
regulat ion is then the difference be tween ac tua l  load and the rolling average .  A l onge r  rolling- 
ave rage  period would  shift s o m e  load  fo l lowing from industrial to nonindus t r ia l  cus tomers  and 
w o u l d  shift  s o m e  industrial load fol lowing to industrial regulat ion.  

I W e  defined and applied two  metr ics  for  regulat ion and two  for  load  fo l lowing:  

I rn Standard deviation ( M W )  of the thirty 2-minute  values in each  hour ;  

Average regulation rate (MWiminute) ,  calculated a s  one-hal f  the ave rage  of the absolute 

I values of the 29  differences be tween  adjacent  regulat ion va lues ;  

I 
m Load-fol lowing magni tude  ( M W ) ,  equa l  to the d i f ference  be tween  the max imum and 

minimum values of 30-minute  rol l ing-average load dur ing  each  hour ;  and  



m Load-fo l lowing rate (MWlminute) ,  equal  to the ratio of the load-fol lowing-magnitude 
metr ic  divided by the number  of minutes be tween these two (h ighes t  and lowest )  load 

I 
values. I - 

T h e  amoun t  of generat ing capacity provided for regulation is a  multiple of the regulation 
. . . . . . . . . . . . . . . . . . . .. 

standard deviat ion io ensure suff icieniprobabil i ty i f  meeting these iempora lvar i i t ions~i<lbad . '  I 
Multiplying the s tandard deviat ion by two  provides 95% coverage ,  and  mult iplying by  three rn 
provides  99% coverage .  

.I 
T h e  two  load-fol lowing metr ics  (magnitude and ramprate)  are very highly correlated;  

as  a  consequence ,  w e  think it is suff icient to consider  only the magni tude  metr ic  for  this service.  
T h e  two regulat ion metrics a re  also positively correlated, bu t  not  to the extent  that  occurs for  
load fo l lowing;  therefore,  it m a y  be useful to consider both regulation metrics. 

I 
W e  also developed and  applied methods  to allocate these system-level  metr ics  to 

individual  cus tomers  and to g roups  of customers.  T h e  regulation allocation method uses a  
I 

t r igonometric  relationship to de termine  the amount  of each  cus tomer ' s  regulation requi rement  
that  is correlated with the total  requirement.  T h e  load-fol lowing al locat ion method calculates  
each  cus tomer ' s  share  of the total requirement on the basis of its co inc ident  load-fol lowing 

I 
requirement.  I 

Tab le  5 summar izes  resul ts  on  system and customer-specif ic  assignments.  Al though the 
industrial cus tomers  as  a  g roup  account  for  34% of the total energy,  they accoun t  for  93% of 
the regulat ion requi rement  and  5 8 %  of the load-fol lowing requirement.  Within this g roup  of 
large cus tomers ,  the al locat ions are also disproport ionate.  For  example ,  o n e  cus tomer  accounts  

I 
fo r  8% of to ta lenergy  but  38% and 22% of regulation and load fo l lowing,  respect ively.  O n  the 
o ther  hand ,  another  cus tomer  accounts  for  much  smallershares of  regulat ion and load fol lowing 

I 
than of  energy  

Cur ren t  U.S. utility pract ice (i.e., the tariffs filed with FERC a s  required by  Orde r  888)  
typically charges  cus tomers  fo r  these ancillary services on  the basis of average  load  (i.e., I 
energy) .  Assume ,  for  purposes  of  an example ,  that the hourly cos ts  of regulat ion and load 
fol lowing are SIOIMW and $ 5 I M W ,  respect ively,  and that  the amoun t s  of generat ing capaci ty 
to provide  these services ave rage  9 3  M W  (three times the 3 1  M W  in Tab le  5 )  and  6 4  M W ,  
respect ively.  Given  these assumpt ions ,  the average cos t  to provide these two  se rv i ces  would  

I 
be S I??O/hour ove r  this 12-day period.  T h e  traditional method of assigning customer-specif ic  
charges  for  these services w o u l d  bill  nonindustrial cus tomers  $8001hour and  industrial 
cus tomers  54201hour. Using the allocation methods  developed here,  $6001hour would  be 

I 
shifted from the nonindustr ial  bi l l  (a  7 5 %  cut)  to the industrial bill  ( a  140% increase)  for  these I 
two  ancillary services.  Similar  shifts wou ld  occur  among  the individual  industr ial  cus tomers .  I 



T a b l e  5. c h a r a c t e r i s t i c s  of t o t a l  l o a d  a n d  i ts  c o m p o n e n t s  f o r  12 d a y s  in F e b r u a r y  1999 

Enerev  Regulation Load fol lowing 
( M W )  Share  (%) ( M W )  Share (%) ( M W )  Share  (%) 

Tota l  load  1954 - 3 1.2 - 63.9 - 
N o n inaus  t r i ~ l o - ~ I 2 8 * ~ 5 r l  --2-------?rt --27+ 42.3 - - 

Industrial load  670  34.3 29.0 92  8 36.9 57.7 
1 264 13.5 16.4 52.6 20.9 32.7 
2 3 3  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 0 .5  1.7 0.4 0.6 
5 10 0.5 2.9 9.2 5.4 8.5 
6 275  14.1 -0.1 -0.2 0 .O 0 .O 

T h e  k inds  of subsidies identified here  a m o n g  customers and cus tomer  classes likely exis t  
fo r  other  electricity products ,  including installed-capacity requirements .  For  installed capaci ty,  
Industrial cus tomers  (with high load factors)  are probably subsidizing other  cus tomers  with 
lower  load factors. 

T h e  results presented here are consistent  with anecdotal  ev idence  from other  control  
areas.  The  regulation requirements  for  o n e  utility are 50% higher  when  a s ingle  meta l -  
fabricat ion cus tomer  operates  than when  that  cus tomer  is offline. Another  utility has  two steel  
mills that  accoun t  for  3% of total load ,  b u t  over  50% of regulation and load-fol lowing 
requirements .  A steel  mill  in a  third utility's service area accounts  for  1% of load and 22% of 
regulat ion requirements;  a  paper mil l  in the s a m e  service area accounts  for  5% of load  b u t  only 
1% of regulat ion.  Finally, these results for  February 1999 are very similar  to those obta ined  
with analysis of late-summer 1999 da ta  from the same control area. 
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APPENDIX 

REGULATION VECTOR-ALLOCATION M E T H O D  

W e  c a n  think of regula t ion  as  a  vector  and no t ju s t  a  magni tude .  Fo r  example ,  s tar t  with 
load A .  It m igh t  be  a  s ingle house  o r  an ent ire  control  a r ea  with a  regulat ion burden o f  8. 
Cons ide r  another  load B with aregula t ion  burden of 6 that w e  w a n t  to combine  with A .  If l oads  
A and  B are perfectly correlated positively, they add linearly, as  s h o w n  in the top of Fig. 20 .  If 
th2 two loads are perfectly correlated negatively, their regulat ion burdens  would  add a s  s h o w n  
in the middle o f  Fig. 20. Typically, loads are comple te ly  uncorrelated and the regulation 
requi rement  for  the total is the square root of the sum of the squares ,  o r  10 in this case (bot tom 
of Fig.  20) .  

Mult iple uncorrelated loads  are always at 9 0  degrees  to every other  load.  They  are also 
a t  9 0  degrees  to the sum of all  the other loads. This  characteris t ic  requires adding ano the r  
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 a t  
90 degrees to every  other  load and to the total of all  the other  loads  is qui te  usefu l .The  analys is  
o f  any  number  of mult iple  loads can always be broken d o w n  into a  two-element problem, the 
single load and the rest of the system. 

Return  to the two-load example  but  consider  the m o r e  genera l  ca se  where  loads A a n d  
B are neither perfectly correlated nor perfectly uncorrelated.  W e  may  know the magni tude  of 
A and the magni tude  of  B ,  bu t  we  do  not  know the magn i tude  of  the total  wi thout  measur ing  
it directly (i.e., w e  d o  not  know the direction of each vector) .  W e  can ,  however ,  measure  the 
total regulation requi rement  and  use this vector method to allocate the total  requi rement  a m o n g  
the individual  contr ibutors .  

W e  k n o w  the totalregulat ion requi rement  because  w e  me te r  it directly as  the aggregated  
regulation requi rement  of the control  area. W e can  know the regulat ion requi rement  of any load  
by metering it a lso.  W e can  know the regulation requi rement  of the entire system less  the s ingle  
load w e  are interested in by calculating the difference be tween the system load and the s ingle  
load  at every t ime step,  separating regulation from load  fo l lowing,  and taking the s tandard 
deviat ion of the difference signal.  Knowing  the magn i tudes  of the three regulat ion 
requirements ,  w e  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 A ?  W e  c a n  
calculate  the a m o u n t  of  A that is aligned with the total and  the a m o u n t  of B that  is al igned with 
the total. W e  can  d o  this geometrically (as  s h o w n  be low)  o r  wi th  a  correlation analysis.  



Total Regulatlon Burden = 14 

L 
v t 

Load A Regulation Burden = 8 Load B Regulatlon Burden = 6 

- 

Total = 2 8 - 6 
% - 7 

Fig.20. T h e  re la t ionsh ips  a m o n g  the  regula t ion c o m p o n e n t s  (A 
a n d  B )  a n d  t h e  to ta l  if A a n d  B a r e  positively cor re la ted  
(top),  negatively c o r r e l a t e d  (middle),  o r  u n c o r r e l a t e d  
(bot tom).  

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, w e  can calculate X .  (We could 
also calculate Y ,  but there is no need to d o  so.) W e  can write two equations relating the lengths 

I 
of the various elements: I 

A ' = x 2 +  Y 2  

B L  = (T  - X)' + Y 2  . 

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

A ? - B ? = x ' -  ( T  - x)' + Y' - Y 2  ; 



Fig .21 .  T h e  r e l a t ionsh ip  a m o n g  t h e  r e g u l a t i o n  b u r d e n s  of l oads  
A a n d  B a n d  t h e  to t a l  ( T )  w h e n  A a n d  B a r e  n e i t h e r  
pe r f ec t ly  c o r r e l a t e d  n o r  per fec t ly  u n c o r r e l a t e d .  

I 
Solving for X ( load A ' s  contr ibution to the total T )  yields 

X = (A'  - B' + T 2 ) 1 2 T .  (A-3) 

I 
Recal l  that  w e  can  decompose  a col lect ion of a n y  number  of  loads into a two-load 

problem consist ing of the load w e  are interested in and th'e rest  of  the system wi thout  that load 
I (Fig.  2 2 ) .  W e  can  so lve  E q .  A - 3  fo r  a s  many  individual  loads  as  w e  wish.  Variable T remains 
I 
I the total  regulat ion requirement,  variable A becomes  each  individual  load 's  regulation 

requirement,  and  variable B becomes  the regulation requi rement  of the total system less the 

i specific load of interest.  

This  al locat ion method works  well  with any  combinat ion  of  individually metered loads 

I and load profi l ing for  the remaining  loads. T h e  load profiling can  be  as  s imple  as  making  the 
usual  assumpt ion  that  the other  l oads '  regulat ion requirements  are proport ional  to their energy 

I requirements .  O r  measurements  of a s ample  s e t  can  be taken to determine the magni tude  of 
their regulation burdens .  This  vector-allocation method is used to determine the regulation 
burden o f  each  of the metered loads.  T h e  residual  regulation burden is then allocated among  

I the remaining loads ,  assuming they are perfectly uncorrelated.  

A L T E R N A T I V E  A P P R O A C H  

I W e  initially tested an alternative approach.  Tha t  app roach  calculated the incremenral 

I 
regulation requirement for each  load by calculat ing the system regulat ion requirement without 
that load and then defining the al locat ion for  the individual  load  as  the difference be tween the 
total regulation requi rement  and the regulation requirement wi thout  that s ingle load.  



Fig.  22. Appl ica t ion  of vec to r -a l loca t ion  m e t h o d  t o  t h e  c a s e  
wi th  m o r e  t h a n  t w o  loads.  

' f n c r r m r n t o l - 1  

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 i s  30 .  The  
incremental  burden for A is t 1 0 ,  and for B i t  is -8.  The total incremental burden is t 2 ,  which 
means  that A is charged for 150 (= 30 x 1012) and B receives a credit for  1 2 0  (= 30  x -812). 
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 1 5 0  M W ,  even 
though its total w a s  only 40 M W ,  a completely unrealistic result. (Even if loads are 100% 
correlated, no load should get  charged for more regulation than it would require if it w a s  the 
only load in the control  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. 
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1 Role of Ancillary Services I 

Ancillary Service 
Services required for the reliable d e l i v e ~  of electricity 

Independent 
System Operator 

a 



/ Ancillary Services Evolution . 
I 

1 I 1 Development of Independent System Operators ISOS 

a FERC Order 2000 (Dec. 1999) 

Ancillary Services (FERC Order 888) 

r Scheduling. Control and Dispatch 

I I a Reactive Supply and Voltage Control from Generation Sources 

a Regulation and Frequency Response 

u Energy Imbalance 

m Operating Reserve (Spinning) 

a Operating Reserve (Supplemental) 



Order 8813 
1 a Energy Imbalance 1 

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

a Regulation and Frequency Response 

Regulation and Frequency Response Service is necessary to provide for 

the conlintlous balancing of resources (generation and interchange) with 
load and fur maintaining scheduled Intermnnectlon frequency at Sxty 
cycles per second (60 Hz). Regulation and Frequency Response Service 
is accomplished by committing on-line generation whose output is raised 
or lowered(predominantly through the me  of automatic generating mntrol 
equipment) as necessary to follow the moment-by-moment changes in 
load 

i;l 
,- 

Order 888 

/ s Operating Reserve (Spinning) 

Spinning Reserve SeMce is needed to serve load immediately in the 

event of a system mntingency. Spinning Reserve Service may be 
provided by generating units that are on-line and loaded at less than 
maximum output 

Operating Reserve (Supdernental) 

Supplemental Reserve Service is needed to serve load in the event of a 
system mntingency; however, it is not available immediately to serve 
load but rather wlhin a short period of time. Supplemental Reserve 
SeMce may be provided by generating units that are owline but 
unloaded, by quick-start generation or by interruptible load. 



I FERC Order 20001 RTO NOPR 

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

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

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

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

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

I 

1 1  a The RTO must promote the development of competitive markets for ancillary 
servlces whenever feasible 

FERC Order 2000 
I 

e An RTO mu& ensure that its transmission customers have access to a real- 
time balancing market that is developed and operated by either the RTO 
itseifor another entity that is not affiliated wiih any market participant. 

n For the purpose of determining mst  responsibility for imbalances, no 
distinction needs to be made between generatorsand loads. .For purposes 
of assessing penalties for inaccurate schedules, we conclude that a penalty 
mechanism that treats loads and generators differently may be appropriate. 



NERC Regions 
-~ 

~ ~ . .~  - . . . 

July 1598 MW Percent 
90 330 l a  73% 

ERCOT 46.268 
FRCC (Florida) 32,440 
W A C  46.524 
MAIN 44.991 
MAPP 27.895 
NPCC 51.0W 
N V  28.900 
ISO.NE 22.100 
SERC 134.561 
Entergy 2?.972 
Southern 37 440 
TVA 25.155 
VACAR 49,994 
SPP 35,592 
WSCC 103,614 
NWPP 32.472 
aocw ~ t n  7594 
AZ. NM Southern NV 18.967 

I 
Ca"rarr'a - 4 4 2  

813.215 

7 
8. ...., 

I IS0 Initiatives in the United States I 



California IS0  Ancillary Services 
1 -- - .- - 

r AGC/Regulabon (Reg-up and Reg-down are separate serv~ces) 

1 Spinning Reserve (SR) 

a Non-Spinning Reserve (NS) 

a Replacement Reserve (RR) 

/ a Voltage and Reactive Power (VAR) Support 
I 

1 Black Start 

Definition of Reserves 

a Operabng Reserve (Capacity that can be delivered as Energy 

within 10 minutes) 

AGClRegulation 

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) 



-- .. -- 

I Definition 

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 

I tie-line control 

I time correction 

I economic operation 

Ancillary Services (AS) 
I 

E n e r e  Auctctlon Ancillary Services Auct~ons 
A 

/- 

Spinning AGC 
Reserves 

m A unt on reserve supples an optron to generate 

8 As the buyer 01 all reserves IS0 can pursre a single ab)ect$ve (cost mlnlmtzatlon) 

a Bidders submit separate bldr for capaclty and energy 
avnrage ~rruny Pmcvnment 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . , _ ,  .. ... 



/ Ancillaly Setvices Costs 1 
- - 1 1 ~ ~ G i r y ~ e w i c e s  charges in California have been h~gher than 

those in other lSOs 

$1 
M 3 
W 
h 0 5  

0 
CA NE PJM 



IS0 System Structure 

. -- - ~~ ~~ . ~ ~ ~~ . ~~. ... 

Il.ncilfary Services 

Systems and Infrastructure 



Scheduling Applications f SA) 

- ASM 
t Anctllafy Services Management 

; CONG 
I Inter-zonal Congestion Management 

J BEEP 
Balanc~ng Energy and Ex Post Prlce Determ~natlon 

AS and Congestion Management .. 

2 N o  coordination 
r ASM and CONG run in parallel 

2 AS are procured regionally 
t regions are unions of congestion zones specified as input in ASM by 

the user 

-2 No transmission capacity resewation 
t except for existing AS contracts 

2 No Usage Charges 



Ancillary Services 
Requirements 

AS Requirement Ciilc~1ati011 

2 AS requirements are calculated for each SC by region 
2 AGClRegulation 

+ (2-5)% x scheduled load 

2 Replacement Reserve 
t 7% x max(0, load forecast - scheduled load) 

2 Spinning and Non-Spinning Reserve 
t 50% x Contingency Reserve 



AS Requirement Catcutation 
- - - -- 

L Contingency Reserve is based on 
Scheduled load 

+ Scheduled hydro generation 
+ ImportIExport Energy schedules 
+ Worst contingency 

the maximum of 
* manually entered amount 
* loss of generation 
* loss of inter-tie 

AS Keqttirement Calculation 

2 Contingency Reserve requirement 

t max{worst contingency. 
max(O.7% x (equivalent load) - 

2% x hydro generabon)} 
+ non-firm imports 

r equivalent load = 
scheduled load- firm imports + firm exports 

I no Contingency R e S e ~ e  for wheeling-through transactions and non- 
firm energy exports 



Day-.4tleacl and Hour-Alieati Ancillary 
Set-vices Ridding, 

Seif-provision, and Settlen~ents 

2 A Resource may submit for each AS 
b 24-hr bicl 

I energy bid (may vary by bur )  
I capacity reservation bid (may vary by hour) 

b 24-hr self-provision schedule 
I energy bid (may vary by bur )  

2 Capacity reservation bids are used in ASM 
7 Energy bids are used in BEEP 



Anciitaq Services Energy Rids 

r; AS Energy bid format 
I   rice vs. quantity staircase curve 

r up to 10 Segments 
positive and monotonically increasing for generation/import 

8 negative and monotonically decreasing for loadlexpolt 
relative to the capacity tidlscheduled 

0 the first matching portion I S  used by BEEP 
+ extends to negative quantities for AGC 

1 Energy Bid Format Exampfes I 



.4nciltary Senrice Self-provision 

2 Valid self-provision is always accepted 

2 Self-provision reduces SC  obligation 

+ SC obligation = 
max(2 SC requlrernent - SC self-provision) 

Self-provision in excess o f  requirement 

r is nor ::ansferable among regions 
t it does not reduce other SC obligations 
+ it is nct oaid for 

Day-Ahead AS Bid Evaluation 

2 AS regional auction 

I inelasnc demand = Z (SC obligation) 
r cascade AS bid evaluation 

I capacrty accepted in previous auctions is subtracted from capacly bid into 
following auctions 

a AGCiRegulation 
I Spinning Reserve 
I Nor-Spinning Reserve 
I Replacement Reserve 



AS Schednte Exampte 

3 Generator w t h  
+ 5W MW maximum capacity 
2W MWsubmated Energy schedule 

r 6 MWlmin ramplng capablllty 

iPBI; ,I..,p, I.",,,,l .... ,.. 
SR YS R R  

Bid Flag No No No No 

Submitted 20 20 20 240 

Evnlualsd 

hc;spted 20 20  20 210 

AS Bid Example 

i Generator with 
503 MW maximum capacity 

,,..., " ,,,, .,*,.. ....,.., .,* ..,..,.., ,..,..,.. X,j,$ I I I I , i2zs$j@g$ggj ACC - S R  N S  R R  

Bid Flag Yes Yes Yes Yes 

Submiltcd 60 60 60 300 

Evaluated 6 0  40 20 250 

.Acesptsd 20 20 10 100 



J Generator wlth 
+ 503 MW rnaxlmum capaclty . 2W M W  subm~tted Energy schedule 

6 MW/mln rarnplng capablllty 

2 Resource settlement (due SC) 
+ I S 0  pays non-FERC-~ur~sd~ct~onal resources the zonal MCP for the AS 

capaclty they sell . IS0 does not pay self-prov~ders 

RR 

Yer 

280 

250 

NS 

Yes 

40 

20 

SR 

No 

20 

;;$$$cx$z$$g;g:$#> 
$ $  

Bid Flag 

Submittsd 

Evaluated 

: i c  tsd 

AGC 

Yes 

40 

40 

L o  20 r loo 20 



Day-Ahead AS Setttement 
-. -- - -- 

2 S C  Settlement (due ISO) (AGC. SR. NS) 
t IS0  charges SCs for their AS obligation atthe regional AS price 
+ regional AS price = 
Z (resource AS payments) / A S  demand 

t Replacement Reserve settlement is done ex post since the allocation 
depends on the dispatched amount and the contributing imbalance 
deviations 

1 A Resource may submit for each A S  
I 24-hr bidslschedules (13:OO-24:OO) 

t 1-hr bids/schedules (13:OO-2 hr ahead) 
t bidlschedule capacity may be highernower than the final day-ahead 

schedule 
I if higher, addit io~l  capacity is bidkcheduled 
I flower 

* any capactty reservation bid is ignored 
* OA acca~ted capac!y is bought back at the HA pcce 
* self-provision 1s reduced 



H.4 Bid/Scfiedule Interpretation 
~ ~ -- 

Hour-Ahead AS Kequirements I 
I SC HA AS requirements may be different than their DA AS 

requirements due to 
t different HA Energy schedules 

different load forecast (affects Replacement Reserve requirements) 
e d~ffe:ent hnsl EA Energy schedules f-om pieieiredireui39d DA E?erCJ'$ 

schedules due to i7A Congesfior; Managanect 



Hour-Ahead AS ilhtigations 
-~ ~ ~ - .-.. ~. ~ - .  ~~~ 

2 Self-provis~on reduces S C  obligation 

I SC obllgat~on = 
max{O. SC requlrernent - SC self-provls~on) 

i S C  obligation may be reduced in HA by 
t reduc~ng AS requlrement 
b lncreaslng self-provlslon 

Hour-Ahead AS Bid Evall~ation 

2 A S  Regional Auction 
t inelastic demand = rnax(0. 
Z (HA SC obligation- DA SC obligation) + 
Z (HA AS czpacit). buy-back)! 

t cascade AS bid evaluation 
r capacity accepted in previous auctions is subtracted from capacity bid into 

following auctions 
I AGCRegulation 
I Spinning Reserve 
I Nowspinning Reserve 
I Reolacement Reserve 



Hour-Afiettd AS Settlement 

1'; Resource settlement (due SC) payments 
t IS0  pays non-FERC-jurisdictional resources the HA zonal MCP for the 

HA AS capacity they sell 
IS0  pays FERC-jurisdictional resources their price for the HA AS 
capacity they sell 

t IS0  does not pay or charge self-providers 

Hour-Ahead AS Settlement 

3 SC Settlement (due ISO) (AGC, SR, NS) 
t IS0  charges/pays SSCs for their AS obligation deviation at the HA 

regional AS price 
+ HA regional AS price = 
Z (HA resource AS payments) l AS demand 

2 Resource sett lehcnt charges (except RR) 
+ IS0  csarges all resources tne HA region& 45 p?ce for the AS capacity 

they buy back in HA 



Hoar-Ahead AS Settlement -I-- .- 

s Caveats 
Settlement systrn? currenNy 30eS not support negative billsbe 
q~~anbties 

ni; resources will tu3 ch~rged for buy:% back AS capsci:y 
r ric C";sw:il be crtrliteJ Pa! i'tdw!ia theii AS 0t;ligat;on ii: HA 
153 :s still revenue neutral . Roplacetnent %serve s&erri:?rlt irnplica!ions 

+ yarning poss~bilities have not been exarnlned , 

Ancillary Services 
Dispatch 

in 
KeaI Time 



2 lmbalance Energy is procured competitively to balance generation 
and demand in real time 

z: Sources of lmbalance Energy 
t AGC (every 4 sec) 
+ Spinning, Non-Spinning, and Replacement Reserve (every 10 min) 
+ Supplemental Energy Bids (every 10 min) 

-- 

BEEP Responsibilities 

Ancillary Senices Dispatch 
- -- - 

1 lmbalance Energy procurement 
6 Real-time inter-zonal congestion management 

2 lmbalance Energy provision recording for settlement purposes 

2 AGC unit base point calculation 
~2 Ex post lmbalance Energy price determination 



BEEP Communication 
-- 

BEEP Inpot/Output Data 



Imbalance Energy Requirements 

A Long-term requirements 
M~smatcli between 

load forecast for the next bur  
I energy schedulesfor the next b u l  

2 Short-term requirements 
I Mismatch belween 

I AGC unlt outputs 
t AGC unlt base polnts 

lnlbalauce Energy Procureinent 

2 Imbalance Energy requirements are met by dispatching in merit 
order: 

I Sp~nntng Reserves 
t Non-Spinning Reserves 

Replacement Reserves 
Supplemental Energy blds 

subject to ramping and network constraints. 



1 Real-Time Energy Balancing I 

T real-time dispatch instructions 

Imbalance Energy Dispatch 

-; Long-term dispatch 
I At the beginning of the hour, for all lntewals 
t Meet long-term requirements 
+ All sources compete 

;; Short-term dispatch 
At every execution, for the next interval 
Meet short-term requirements 

t Only fast sources compete 



BEEP Long-Term Dispatch 

BEEP Short-'l'erni Dispatch 

Real-Time 
Energy 
Schedule 

Energy 
Schedule 



- 

BEEP Final Dispatch 

BEEP Congestion klauagement 

I 2 Imbalance Energy requirement and procurement on a zonal basis 

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

40 



AGC Rase Point Cnlculntion I-- . . 

I J AGC b a s e  point = Real-Time Energy S c h e d u l e  

 our-.Ahead Energy Schedule 7 Ax""" 

I 
Imbalance Energy Schedule 

Itlultiple AS Provision - 
I Uni t  B I 

A G C  
Margin 

*<*.Cjl spinning 

R e s e r v o  

MalOln 

0. 40, 20' 30' 40' 5 0 '  6 0 ' - ~ c t u s ~  

T i m e  



Ex Post Price Determination 
- - -  - 



Issues I 
r How much? 

Quantity of AS procured 

- 

~- . 

From where? 

Level of imports allowed, recognizing transmission congestion 

- planning-~a~nd-Schedu~Iing~fAAn~i11aaqSelai~es---- 
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m When? 

HOW should the IS0 decide between long term brocurement, day- 

ahead procurement and hour-ahead procurement? 



Operating Resewe Quantities 
-- ~ ~~~ 

n The IS0 shall maintain minimum contingency Operating Reserve 
made up of Spinning Reserve and Non-Spinning Reserve in 

accordance with WSCC MORC criteria equal to: 

(a) 5% of the Demand (except the Demand covered by firm 

purchases from outside the IS0 Control Area) to be met by 
Generation from hydroelectr~c resources plus 7% of the Demand 

(except the Demand covered by firm purchases from outside the 
IS0 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 IS0 may 

determine from time to time. 

Replacement Reserve Quantities 

n The IS0 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 unplanned Generating Unit Outages, 

historical patterns of shortfalls between Final Day-Ahead 

Schedules and actual Generation and Demand. 

historical patterns of unexpected transmission Outages, and 

such other factors affecting ability of the IS0 to maintain 

System Reliability as the IS0 may from time to time 

determine 

a 



Locational Requirements 

o f  Ancillary Services on a daily and hourly 

basis shall depend on the locational spread of Demand within 

the ISO Control Area, the available transmission capacity, the 

locational mix of Generation, and historical patterns of 

Market Data 
7 I I 
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Last Wettk (2/11100 - 2/17/00) 
I 

~ ~ u r l y  1 5 0  Actual Load and PX Day-Ahead Load 



Last Week (211 1100 - 2117100~ 

... ...... -.."...r, ........ ^"I I I 
SD on np R m a s  Non So n n . ~  R m m  

Events affecting AS Quantities I 
m April 1. 1998: AS Markets commence 

r Aug 6.1998: Max Imparts upto 25 % for spinning and ndr+spinning resewe 

n April 6. 1999: Increased procurement of AS in Hour-ahead market 

m June 1, 1999: Max Imports upto 50 %allowed 

m August 18. 1999: 'Rational Buyer" protocol (substitution of lower quality AS 
by higher quality AS) 



1 CA IS0  Day-Ahead Scheduling 1 

CA IS8 Day-Ahead Scheduling (cont.) 

I 



FORUM on Ancillary Services 

Feb 22-24,2000 

Warsaw, Poland 

-- 

Competitive Market Structures 
I 

Settin_gu.p,..aCompetitive Market - 

for Ancillary Services 

UK , PJM 

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

commitment 

Australla 

Units self-commit: 'ex post" pricing by a centralized pool 

r 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) 



The New Market Structure 1 
ISOlndepcndcnI 

Sysrrm Operator 

Pgcn: Utllily Generatton 
T O  Tranrmasion Owner 

ESP Retall Energy 

....................................... 

Non Utility Customers 

California Resource Mix 

303 

2" 

8 Nudear 
g 1" .- - - D ~mpom 
S lo3 Hydro 

50 

0 

03 B' %'= 40 4 e0 e9 aQ 9' 9% 
.,=' ,=' ,=' ,=' 49 29 ,=' ,=' ,=' ,4 



I Fwward, Real-Time and Reserve Markets 1 
It . - . 

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

/ I z8 Real-time balancing is the responsibility ofthe IS0  I 
Power system reliability and security requires a sufficient quantity of 

ancillary s e ~ i c e s  

Implicit assumption: price does not always call forth supply in 

real time 

El 

Role of Ancillary Services 
I <?T> Services required for the rehable delivery of electricity 

System Operator 

I I (customers) I 



Ancillary Services procured by the IS0 
ii-AGC7RegulZ6K(RmaTddReg-down are separate services) 

s Splnning Reserve (SR) 

I r Non-Splnning Reserve (NS) 

3 Replacement Reserve (RR) 

s Voltage and Reacbve Power WAR) Support 

Types of Reserves 

3 Operating Reserve (Capacity that can be delivered as Energy 

within 10 minutes) 

AGCIRegulation 

' Contingency Reserve 

Spinning Reserve (must be on-line and synchronized) 

Non-Spinning Reserve 



AGURegulation 

- r a e f i n i t i v r - -  

Service provided by generating units with AGC equipment which 

automatically adjusts their output in response to Area Control 

Center (ACC) slgnals for 

load following 

frequency control 

tie-line control 

time correction 

econornic operation 

Who Buvs Reserves? 

m 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 participanrs utility function 

m The purchaser of energy from reserve cannot be identified ahead of 

time 

if you could, you would make hlm schedule capacity 

a The IS0  is the purchaser, at a level determined by reliability 

standards (not necessarily economically) 



What are Opportunity Costs? 

s Example 1 (without ramping constraints) 

System Load: 1000 MW 

R e s e ~ e  Requirement: 70 MW 

' Generator A: 600 MW @ $18/MWh 

Generator B: 600 MW @ $20/MWh 

Optimal Schedule: 

A: 600 MW Energy 

B: 400 MW Energy + 70 MW Contingency Reserve 

Opportunity cost: $O/MWh 



What are O~portunity Costs? 1 
--S + x ~ e - 2 < w i t ~ n g - c o n s t f a i ~ - - - - -  

System Load: 1000 MW 

Reserve Requirement: 70 MW 

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

B (4 MWlmin) : 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 

r-- 



Ancillary Services Procurement 

T e s e w e s  and KGC 

day-ahead and hour-ahead auctlons 

self-prov~s~on by Scheduling Coord~nators (mlnlmal thus far) 

3 Voltage Support 

normal operation 

long-term contracts (Reliability Must Run) 

real-time instructions 

ii Black Start 

long-term contracts or annual auctions 

Must Reserves be Procured 
Simultaneously With Energy? 

1 
a Short-term 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 IS0  separate from a PX does not procure any energy in 

forward markets 

3 Simultaneous procurement may be possible for consumers that 

'self-provide' their share of reserves 

What portion is optimally self-provided? 



Auction Sequence 
I 

E n e r ~  Auction Ancillary Services Auctions 
A ,- 

Spinning 
Schedults Reserves 

Generation Bidding in IS0 and PX Markets 

I I Forecast Fuel and Electric Prices 
Power Plant Amilability and 
Performance Data I One Day before Operating Day 

'------ P 

'2 Final 
porifolio ISO Congestion Schedules For 
Bids from t PX -ib Management, RMR -+ Plants 
Bidding Energy Auction dispatch & Ancillary Available 
Models Services Auction 
P - 

i'orfolio bid for 0000 

submitted at 7. IS0 provides schedules to 2400 
Bids adjusted MW schedules for Reliability Must-Run 
for plant outages received at 8. (RMR) units at 10 am. 
or changes in Unl 
fuellelectric schedules and Congestion Management 
pr~ce ancillary services and Ancillary Servkes Plants receive final 

bids due to PX at (AS) auction completed by 
day-ahead schedules. 

9:30. 12 noon. 
6-7 AM 



Should Reserves be Procured I Sequentially or Simultaneoudy? 
I I 

out with the sequential approach 

/ 1 s Problems with the sequential approach 

I I May not result in lowest overall cost 

May result in lower quality products being priced higher than 

higher quality products 

u Alternatives 

' Simultaneous bid evaluation 

' "Rational Buyer" protocol 

The ISO's Balancing Market 

r Centrally d~spatched by the IS0  

il Used to physically balance demand and supply 

1 ?a Not usedfor centralized optimization 

1 3 Merit order determined based on energy price bids 

Price 

2 
I Generat~on > Load Load > Generation 

El 



I Real-Time Enwgy Balancing 

real-time dis~atch instructions 

( Price Calculation I 

I I Hourly avmase ex-post pnce = I 



I Option-Based Reserves Auction 
I 

--- 
r A on reserve supplies an optlon to generate 

Purchasing reserves should Involve capplng generahng costs In 

the balancing market 

As the buyer of all reserves IS0  can pursue a single objective (cost 

minimization) 

m Reserves are not like other options 

Purchase quantities based on engineering judgment/reiiability 

criteria, not hedging strategies 

Distinctions between reserve types based on operational 

considerations 

Operated for physical need, not based on price. 

- 

Design of the Option-Based Reserves 
Auction 

I 

1 I m 3 separate markets for reserves I 
s Uni t  i bids capacity prices 8 and energy strike price Ei 

Evaluation 'score" is Ri+ XE,; x is expected production from this 

reserve type (0 < X 5 1) 

1 I Paid max(score) - xRias a reservation: paid for balancing energy 

at predetermined price E, 

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

gaming 

a Predetermines reserve units' energy payments 

I ' E l  



Design of the Simplified Reserves Auction 

marKeTP- 

I I 1 Unit i bids capacity prices 6 and energy strike price E, 

Bids selected on the basis of R, only, (i.e., x = 0) 

I I Energy bids E, are used to determine merit order for real-time 

dispatch 

3 

1 Regulatory Issues 
I i 

fa 'Cost-based" reserve pricing 

Generation owners need to get approval from the FERC to sell 

Ancillary Services at marker based rates 

Utilities can only receive cosr-based prices for reserve capacity 

Arbitrarily selected 'cost-based" price caps have little chance of 

reflecting actual opportunity costs 



I Market Operation (412198): Insufficient 1 
supply dite to pri& cap& 

- --. 

Spinning Reserves Market (4/2/98) 

r w l c a  - 2 s ' Z M  
Hour 

Market Operation (719198): Market power 

I I 
in the absence of price caps 

REST AVAILABLE COPY 



j M a r k e t e r a t i o n  (719198) continued 1 

Resources used for Real-Time Balancing 



AS Market Performance 
I -- 

m Inwfflclerd Bids for Andllary Services (AS) Markets 

I s Decentralized market structure can Impose a greater need for AS 

a Problems wlth sequentlal markets 

Generator b~ddlng IS complex 

CounterlntuRNe pnces for AS ( non-splnnlng reserve can be more expensive than 
splnnlng reserve) 

a Regulatory errors 
some generators subject to prlce caps while others were not 

!a Exercise of market power by generators 

9999 SIMW prices for Replacement Reserves on July 13.1998 

8 lrratlonal bidding behavior 
-3350 SiMW for Regulation/AGC on May 16. 1999 

/ c? Absence of bilateral market for AS 

i-% Some problems in IS0 protomls and sofhvare 

I A S  Redesign I 



1 system Load 
I I 

Average Energy Prices 

l o'~.,. Y . . , ~  J* ~ + . M . . W ~ . O ~ . . I ~  F * ) . . Y ~  A ~ ~ - Y . F . J ~ .  1u. ' i u ~  
a. $8 98 Ils 0s 'lb OB 9 08 08 89 99 $9 $1) 99 99 OP : I  

m,. My b, ,,. M* O. N) Db a Far Mar- mr. May b, *C iU* 

98 98 98 98 38 98 98 98 48 99 99 99 99 99 99 99 99 
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I AS Prices 
I 

I I -AS ..*..AS as Percent of ~ n ~ r ~  

~. 

1 0 0  35% 

6 00 MU 

5.00 25% 

f 100 Xr* 

5 ,00 15% 

2.00 to% 

$ 0 0  5% 

1 0 0  0% 
&c. May. Juh >"I. A Y e  S e p  OCI- NOL 0.C- J n h  Feb- Mar. * p r -  M a p  luw Jul- 

~ 9 6 9 ( 1 O d 9 L I O d p d O d O d 9 9 9 9 9 9 9 9 Y ) 9 9 9 9  



Composition of Retail Energy Costs 
I I 

Total Market = $ 28 billion 

I 
Stranded 

costs 
Wholesale 

Energy 
~ ~ 

IS0 costs 
5% 

Transrn~~~ lon  
4% 

30% 
4% 

A Study of Cal IS0 Charges 
r Study period: Apr 98 -July 99 

B Average IS0  charge: 5.20 $/MW 

Ancillary Services (1.59). GMC (0.78). Neutrality (0.82). UFE (0.23). 
Other (0.15) 

a Standard Deviation: 2.17 

a Charges are allocated by zone. Averages are shown here. 

r h a g .  ISOc"a,w, 
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/ ! a Reg-up and Reg-down should be separate services ! 

Lessons Learnt 

I I a Regulation and Load following should be separate services I 

-- 

I 

i / rr AS cost allocation should be done based on metered consumption 

instead of scheduled load I 

- 

rn MXrWfEZSe3 pnang ror ere7gTmust De a c c o m p a n 1 E E 5 7 ~  

based prlclng for reserves 

a Automated communication and dispatch is cructal' I 
( 1 a Sequential AS auctions may not always be the most efficient l 

a Decentralized markets may impose a greater demand for Ancillary 

Serv~ces on the IS0  



Competitive Procurement of Ancillary Services 
by an Independent System Operator 
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Abstract dispatch instructions issued by the Independent Sxstem 

This oaoer discusses the competitive procurement of o~eratOrOSO). . . 
Anciilal). Services by an Independent System Operator 
tISO). The paper assumes the existence of an underlying 
market for energy and explains why this energy market must 
be accompan~ed b!. a market for Ancillar) Services. These 
senices include operating reserves and Automatic 
Generation Conuol (AGC) both of whch  may requue 
penerators that are infra-margmal in the e n e r p  market to 
choose between supplying energy or  Ancillaq Services. 
The paper discusses the design of an auction for these 
semices that has formed the basis for the California ISO's 
,A-si!lap Senices market. The paper also discusses the real- 
time dis~atch of A n c i l l ~  Szn~ices. 

The operation of the real time market is a fundamental 
responsibility of the ISO. Since the I S 0  does not own an). 
generation, it must ensure that there is sufficient 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 I S 0  
must also ensure that there is a suific~ent quantiv of 
Automatic Generation Control (AGC) capabilih- and quick- 
start gemratlon capacity, and coniorm to mandated 
reliabili? criteria [ 7 ]  One way the I S 0  can meet these 
requirements is to create a competitive market far .-\nci!lq 
.. . 

&!lvor&: Elecmc Power Deregulation. ~iuctions. Operating 'em'ces. 

Resen t s .  
A premise of this paper is that competitive markets for 

1. Introduction energy require competitive markets for Ancillar) Semices. 
This is particularly true for those services that bear a 

Competitive e n e r a  markets are being instituted in many complementarity to energy markets. Two particular examples 
jurisdictions as electricity supply industries are restructured are +ming reserves and AGC. Both these require 
in steps towards dereplation.  In general. these generating units to maintain on-line unloaded capacitl; that 
arrangements require some form of a central auction for can respond within LO minutes. These services are used in 
elecuicity to be delivered over short time periods. There are real-time by the ISO, either for balancing purposes or for 
two distinct forms of market structure that have already been replacing e n e r p  that had been scheduled to be provided by 
implemented around the world; a real-time market, such as a unit that malfunctions. 
the one that has been instituted in the Australian state of 
Victoria. and day-ahead (fonvard) markets such as those that The main characteristic of the ancillary discussed in 
have been instituted in England and Wales. Noway. and this paper is that capacity i s  reserved and procured in 
Califomia [1,2,5]. advance and then incremental energy is dispatched in 

response to real-time imbalances. This means that there are 
Since electricity is delivered instantaneously. it is obvious two relevant prices to be paid to generators. One is the price 
that a day-ahead market requires a balancing service with an paid for reserved capacity and the other is the price paid for 
associated real-time market. In England and Wales. the energy that is dispatched under certain defined conditions. 
balnnc~ng liinction is provided at the day-ahead price. In Since the generator cannot anticipate or control the amount 
California. the balancing function is priced separately at an energy it will be called on to produce, it is entitled to a 
ex-post price that 1s determined in ine real time market based variable e n e r p  payment. Since balancing markets are likely . 
on an auction for imbalance energy and the associated to be much smaller than day-ahead markets, it is essential 

that market designers and regulators ensure that reserve 
generators do not acheve market power in these real-time 
energy markets. 

BESTAVAILA~LE COPY , 

Eficient dispatch may require some generating units that are 
infra-marginal in the energy market to contribute tobvards the 
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reserve requirements in a control area. These infra-marginal total cost curves are convex (that is. the bid curves are 
units may incur an opportunity cost for setting aside a part convex and if one assumes generators bid their costs then 
of their capacity to provide reserves instead of selling they would be claiming to have convex total cost curves). 
energy in the competitive market. One approach to pricing Furthermore, the PX auction model adopted in California and 
the reserve services is to simultaneously procure reserves discussed here recognizes no operational or inter-temporal 
and e n e r F  in a single combined auction and compensate constraints. There may be iterations in the energy auction to 

. t h e - u F K t ~ i ~ . I t ~ d e ~ ~ h ~ O R ~ b t s ; b ~ t - t h e y  
denved from the energy auction. This approach can work in are not si-pificant in describing the ancillary services 
d market structure where the entity responsible for procuring procurement model [2.3]. 
Ancillan. Services is also responsible for operating the 
e n e r p  market This means that the PX prices and associated dispatch 

patterns are not likely to lead to the conventional cost- 
Another approach is to set up a separate auction for minimizing dispatch for each hour. Units need not bid pure 
procuring r e s e x e s  A separate reserve auction 1s better variable costs and are encouraged to internalize all physical 
suited for market structures where the Independent System constraints. This helps reduce the opportunities for arbitrage 
Operator (ISO) is separate from the Power Exchange (PX), between the PX and the ISO's balancing market and makes 
the enti? that operates the foward energy market. This the pnclng process more transparent. 
paper discusses the competitive procurement of Ancillary 
Senices by an I S 0  under such amarket structure. Section 2 The goal of the PX auction is not necessarily to m~nimtze 
of the paper describes the operation of the day-ahead production costs but to facilitate trade. The PX auctlon is 
e n e r p  market. Section 3 discusses the California model for intended to discover the prices at which parties are willing to 
procuring .Ancillary Services while Section 4 presents the transact. 
role dnd 67s financial responsibilities of the purchasers of 3. Procurement of .ancillary Senices 
the a n c i l l ~ ~  jervlces. Section 5 describes how o p p c m i ?  
costs are ,,, reserves while s~~~~~~ 6 The A n c i l l q  Senices wiuck the CziiforL:a IS0 :s 

presents the structure of the reserves auction. Section 7 responsible for procuring include spinning reserves, non- 
presents the interactions between the various energ). and reserves, AGC. replacement resen-es. voltage 

ancillary markets. section 8 describes how support and black start'. The Western Systems Coordinating 
services are dispatched in real-time and Section 9 addresses C 0 ~ " c i l  W S C C )  defmition refers to the t in t  two as 

practical limitations of the proposed ancillary services operating reserves and the first three are as contingency 

auction model arising from market power concerns. reserves [7 ] .  Spinning reserves refer to unloaded generating 
capacity that is on-line and synchronized to the system and 

2. The Dav Ahead Enerev Market all of which can be made available within 10 minutes. Non- - 
spinning reserves refer to unloaded generating capacity that 

Given the close relationship between the energy and the be made available 10 minutes but is not 
a n c i l l q  senices  markets it is desirable to start by briefly necessarilv on-line or wnchronized to [he ~h~ 
describing the structure of the day-ahead energy markets. reserves and AGC se&ices are usually p;ovidrd by 
The market structure assumed in this paper consists of a generators by aside unloaded capacity in the e n e r D  
separate gnd  operator or I S 0  and market operator or Power auction for possible use in real time by the ISO. The first four 
Exchange (Pm. This model has been adopted in California. services can be procured by the I S 0  by means of daily 
It is useful to begin with a conceptual description of the PX co,petitive auctions. ~h~~~ occur after [he p x  
e n e r p  auction. The PX auction is actually a series of 24 energy auction is completed. The sequence of the 
auctions. one for each hour, conducted simultaneously. is AGC, followed by spinning reserves, non-3phing 
Generators submit price curves that describe their energy reserves. replacement reserves.  hi^ sequence allo\,.s 
oifers as a funct~on of price; the quantity of e n e r p  offered bids that are not selected inone auction ( e g .  AGC) 
must be a monotonic all^ increasing function of price. Loads to be considered in a subsequent (e,g, 
submit similar curves which must be decreasing. The bid reserves). ~h~ last two services. i.e.. black 
curves may be different for different hours. capability and VAR suppon, are more suitable for 

purchasing based on long-term contracts from among those 
The PX aggre~a tes  the curves into aggregate suppi! and units physically capable of providing them. Spinning and 
demand curies for each hour. It determines the point at 
which each hour's supply and demand curves intersect. , The definitions o f  the various Ancillary Services used in 
T h ~ s  point sets h e  PX Market Clearing Price (MCP) for that 

this paper are based on those used by the California [SO and 
hour The bid structure forces generators to bid as if their 

are consistent with standards set by the WSCC. 
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non-spinning r e s m e  requirements for the I S 0  are defined 
by traditional reliability criteria [7]'. In addition. the I S 0  5. Opportunity Costs 
needs to make sure it has enough capaciry online for a well- 
functioning balancing market. For this, the I S 0  may arrange Before proceeding with the design of an auction for 

for replacement m e s  which are defined as unloaded reserves. it is important to understand the structure of the 
costs incurred in providing reserves. There are two types of 

generation capacity (not necessarily ~ on-line) .... that can be 
made available within 60 minutes. 4 e s t s - - t h a t t m ~ - b e - ~ ~ n t ~ ~ . 4 h e ~ - i . ~ c ~ u d e 4 h e - - - -  

opportunity costs of providing reserves and the costs 
incurred in case the generator is actually dispatched. To 

One can interpret operating reserves as a call option1. The 
"strike price" associated with the call option could be the 

understand how o p p o r t u n i ~  costs arise, consider the case 
of a single reserve categor). spinning reserves. We use 

e n e r a  price that is agreed to at the time of purchasing the 
spinning reserves as a protor)-pe to motivate the analysis 

reserves. The exercise value of the optlon IS the pnce that 
but the same logic applies to other ancillary services sharing 

would othenvise be paid for balancing energy. However. an 
the characteristic that capacity is reserved in advance and 

important characteristic of reserves. as distinct from financial then used as dispatched generation in real-rlme, 
options. is that they are procured not based on any dynam~c 
hedging strategy hut based on preset reliability standaids Suppose that for a given hour the system load requirement is 
defined by mRC and WSCC lhat re'ate resen'e 6000 MW and that the reserve requiremen[ is 200 
requirement to overall generation. 

MW. Assume that 3600 MW of demand 1s met by a base 
load nuclear plant operating at full output. For the remaining 

4. Ancillav Semces  Settlements 
100 MW of demand and the 3 0  MW of spinning reserves. 

The costs incurred by the I S 0  for purchasing reserves can there are two units A and B ~ i : t h  incremental e n e r e  bids of 
be c!assified into two categories. (a) those that are mandated 4c.kWh and SckWh respectil-e!y and a capacin. ci'300 \1W 
bv reliabilitv protocols, and (b) those that can be assigned to each. In the absence of any ramping rate limits. the economlc 
the ISO's customers as a function of their observed solution would be to dispatch ;;..it A at its iipper i:mit of 31311 
performance and behavior. For our purposes it is sufficient MW and unit B at 100 ?vf'!V. Unit B would provide the 
to assume that the ISO's customers are represented by spinning reserve from its unloaded capacity. Since unit B is 
Scheduling Coordinators (SCs)l consistent with the .  the marginal unit in the e n e r g  dispatch, it does not incur 
California energy market model. Since the reliability any opportunity cost in providing spinning reserves. 
requirements are proportional to scheduled load, the reserve 
responsibility can be allocated pro-rata to Scheduling Next assume a more realistic scenario where both units are 
Coordinators in proportion to their submitted schedules. constrained by ramping rate limitations, each is able to 

provide a maximum of 100 M W  in 10 minutes. In this case, 
The one exception is the case of replacement reserves which the spinning reserve must be provided by both units and 
are procured (at least in pan) on the basis of what the I S 0  both are dispatched at 200 bW. Unit A is an infra-marginal 
expects to be the difference between its own load forecast unit. that incurs an opportunity cost to be able to provide 
and the sum of the SC submitted schedules. In case [he spinning reserves. In current operation. it is common to see 
replacement reserves are actually dispatched, their costs are infra-marginal units incuning o p p o n u n i ~  costs in providing 
allocated to the Scheduling Coordinators in proportion to reserves during peak load hours. This suggests that bidders 
positive imbalances'. should be allowed to bid in a competitive auction for 

reserves their assessment of opportunity costs in terns  of a 
capacity reservation bid. ' The WSCC requires an operating reserve requirement of 7 

percent of scheduled demand in addition to any provisions The one case where a capacity bid may reflect actual costs 
made for interruptible imports and firm exports. 
3 instead of opportunity costs is AGC. AGC requires a A colloprion is a financial instrument that gives the holder a generator to operate at a level higher that i s  minimum 
right to buy the underlying asset at a certain time at a certain output, in ord& to allow movement of the unit in downward 
price. as well as upward directions. For example a unit with costs of ' A Scheduling Coordinator submits a set of balanced 

j c k W h  would not normally operate at levels higher than its 
generation and demand schedules to the I S 0  in the day- 

minimum output when the price in the energy market falls 
ahead market and settles with the I S 0  for any imbalances in below 5 cniWh. In order for it to do so, it is entitled to bid for 
the real-time market. The PX is also a Scheduling 
Coordinator. 

For a given Scheduling Coordinator. an imbalance is and actual aggregate seneration. An imbalance is positivc 
defined as the difference between the actual aggregate load \\hen actual load exceeds actual generation. 

IEEE Transacrtonr on Power Sysrems. .I/* 1999 



a capacity payment to cover the actual costs the unit may 
incur. The ISO's reserve auction can then be ex~ressed  as the 

6. The Reserves Auction following cost mhhizat ion problem: 
' 0 " " )  {min C p ,  + X E , ) Q , I C , Q ~  ZQ,*,;Q, - -, 

This section Dresents the basic structure of an auction for 
competitively procuring ancillary services. The proposed 
markFEfructure asSEiESThat tnere are separatExEfions ior w h e r e ~ q ~ ~ e ~ S o f f e r ' e d ' ~ b y l e ' ~ U L C e ' i " Q  

and 6 are the associated capacity reservation and energy each category of reserves (spinning, non-spiming and 
bids. and Q,'"" is the maximum capacity that the resource can 

replacement). Each bidders submits a separate capacity bid 
offer based on its ramp-rate. QCCF is the quantity of reserves 

R, (SMW), and e n e r p  bid 6 [$MWb) for each service. 
that nezds to be procured. 

Successful bidders are paid a capacity reservation payment 
that is intended to reflect their opponunity costs. Bidders Nest alternative auction designs are 

corresponding 
are also paid for energy if they are called on to provide it in to different values for the parameter u. 
real time. Depending on the specific case (as determined 
later in this section by the value of a weighting factor -c) b s  

The i x  = Il case: 
energ?; price can be the real-time market price or a "strike Bv setting ~ 1 .  the IS0 can determine the maximum extent of 
price" as if an option were being esercised in the real-t~me . . 

its payments [ I ] .  Under assumptions of cost revealing bids. 
balancing market. the r=I scenario allows a bidder to be indifferent between 

providing spinning reserve or energy. Successful bidders are 
The auctions for reserves differ from the PX auction in one paid a capacit). 

at a C,where 
v e p  imponant aspect. The goal of the PX auction 1s to . . . 
facilitate trade because there will be many participants on 
both sides, i .e ,  buyers and sellers! Ancillary services are C , = m a x { R :  - E l )  - E ;  

tiill? the I S O s  responsibility. so the IS0 acts as the single and nis set of all successful bidders, ~h~~ the;r 
purchaser in reserr-e auctions to meet its reliabilin; enerF p,yce- E, for an)- enerp they are calied upon 
obligations. If the purchaser of energy from reserves could to generate in real-time. 
be identified in advance it could be forced to schedule 
capacity. Because the "energy purchase" is a random event. ~h~ (0 1) case: 
the [SO as the agent for all market participants buys the In the design described in [ 2 ] ,  the I S 0  proposed an auction 
reserves according to a preset formula. As a single buyer loosely based on the notion of purchasing call options on 
the I S 0  can seek to minimize its Costs; the formula that the real-time balancing market. In order to pursue a cost 
governs the purchase should prevent strategic withholding minimizing bid evaluation, the ISO would use an unbiased 
of reserve demand. estimate of the.probability x (between 0 and 1). In this case. 

the bids are ranked according to Ri +XI?,. . Successful bidders 
An important property of opportunity costs is that the more ,paid at a price 
mnfra-marginal a unit (the deeper in the loading order), the C j = m a . t ( R ,  + x E ; }  -xEi 
greater its opportunity costs in providing spinning reserr-es. C : E ~  

Thermal units' capacity reservation bids should reflect their A reserve generator is paid its energy "strike price" E if it is 
opponunity costs. which in turn reflect lost profit (market called upon to generate in real-time, irrespective of the 
energy price minus marginal cost). The capacity reservation balancing market price. 
bids R, should be inversely related to the energy bids 6. if 
energy bids are cost-reflective as they ought to be in a The(x=O)case: 
competitive market. Thus, to minimize the expected cost of The (0 5 x  5 1) case may be criticized as being too complex 
reserves, the I S 0  cannot consider only the capacin; or only and susceptible to being gamed. It is only an approximation 
the e n e r e  bids, but must estimate the probability that to the true cost minimization, as the probability of calling 
reserves will be utilized in real-time. It must include a upon a successful bidder to generate m real-time is likely to 
probability factor represented by a parameter x in the bid vary according to the e n e r p  bids. Presumably. intelligent 
evaluation, i.e., bids are ranked on the basis of Q-.&,. In bidders could game this market structure to increase their 
order to keep the auction transparent, s must be set by the revenues. One scenario involves bidders lo~vering their 
I S 0  prior to bid submission. e n e r e  bids in order to increase their capaciy payments. 

However, this also increases the probability of the bidder's 
getting called upon to generare in real-time. Ideally, a bidder 

O The PX energy auction is a double auction while the 1SO.s \\'auld like to lower its e n e r a  bid as much as possible 
ancillary services auctions are single sided auctions. without altering its position in the merit order srack. Finally, 
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the option-based case does not result in a uniform price for of the auction can be different. The results of the [SO'S 
reseme capacity payments making it less transparent. auction for different values of x are shown in Table 2 and 
An alternative design, is to rank bids solely on the capacity Table 3. Table 2 shows the selected quantities and Table 3 
resenation: i.e., the I S 0  takes bids in order of reservation shows the capacity prices that are paid to the selected 

.~ ~ bids. and pays each successful bidder t h e  hghw birlders. - . .. 

reservation bid among those accepted. __ 
-- --T8ble2+mmngpe~em auction m l o  

. ~ i ~ g ~ ~ T h e v a l u a t i o n ,  there - -~ - 

is less justification to consider them as fixed strike nrices. rt . ~~ 

m~ghc appear reasonable to assume that the reserve units are 
pnce-!*en in the real-time market. i s . ,  they cannot set the 
real-tune price which they must accept. Clearly if all resenre 
units Are price takers (and there is no obligation to replace 
resewes that are used), the IS0 could cntf up dispatching all 
the reserves without ~mpacting the real-time pnce. 

Selected MW uantities 
Unit I Unit 2 Unit 3 

0.5 100 
103 

Table 3: Cqaciypqmem ro successfil bi&n 

Unit l 

0.5 10.5 
10 I2 

To solve this problem, reserve units are deemed to bid theu 
cpreser e n e r a  prices into the balancing market plus any 
addit~onal costs the I S 0  may incur. Reliability Council 
requirements mandate that the I S 0  should replace spinning 
resewes h a t  a% used in real-time withn the hour (1.e.. if 
ener.- :j taken from a spinning resene unit, the I S 0  needs 
to procure additional spinning reserve xvith~n a cenaln tlme- 
irame :n ordsr to get its reserves back to the WScC- The analysis put forth to suppon this alternative zjsumsd 
manda:c' level). The [SO must factor thz cost of such that reserve bidders ~vouid bid their true energ) costs, and 
replacexents into dispatch decisions. TO d o  so, the energy that their capacity reservation bids would be the 
bids are increased by additional costs such as capacity corresponding opponunity costs. Those assenions were 
replacement. based in turn on the assumption that the resense market 

would be competitive as well as  the market for balancing 
Under this design, enerw bids are predetermined, but not energy. That second assumption may not hold if 
paymenrs. For their generation, bidders will be paid the o p p o f l u n i ~  costs are large enough that non-reserve units 
uniform balancing market price. This might seem counter- are eliminated from the balancing market. Therefore, the 
intuitive from a cost minimization perspective. However, it argument against an explicitly cost-minimzmg solution is 
emerged as the best alternative in the California electric less compelling than in the case of the  PX auction. 
indust? restructuring debate under the assumptions of a 
c o m p e t i t ~ ~ e  real-time market. 7. Interactions Between the Various Markets 

The ancillary services markets are embedded in a series of 
The three alternatives for hid evaluation are illustrated by enera and capacity markets including the foward energy 
using a simple example. Suppose there are three generating markets (day-&& and hour-ahead) and the real-time 
units that submit bids as shown in Table 1 into the spinning balancing market. imporrant to manage [he interactions 
reserves auction. between the two markets. 
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Table I: Bid! forspinning menses mction For example, the I S 0  is responsible for ensuring reliability. 
Therefore it needs to make sure there is sufficient generation 

IJnit 

I 
2 

RJ 
is  MW) 

4 
5 

3 

Ei 
(S 'MWh 

) 

35 
22 

reserves, to ensure liquidie in the real-time market. 
Suppose that the I S 0  needs to procure 180 MW of spinning 
reserves. D q m d i n g  on the value chosen for u. the outcome 

12 20 

(MWimin) 

10 
10 
10 

("W) 
120 
ICO 

available to match with demand spikes. It buys that energy 
from the real-time market but because there i s  no pnce set on 
reliability (and no known cost for failure to serve) it cannot 
assume that the real-time price will suffice to secure 
sufficient supply. Therefore, the I S 0  may have to schedule 

100 replacement reserves, in excess of the WSCC requirement for 



Just like generators, loads can choose between the forward Price  , ... .. .. 
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 on incremental but real-time bids prices from already do not -operating -because units, they or are because based .A . . . ..~. .. 

f i x e d c o s t s  of ~ue ra t ion  are covered by reservation Generation > Load Load > Generation 
~ 

payments - we should expect massive desertion of load from Figuttl I: Supply cumfor real-h'me dspnfch 

the fonvard markets into the real-time markets. The solution 
for mitigating aeainst this possibiliq that has been put E v e v  ten minutes. the I S 0  conducts a single sided auction' 

fonvard is to malte real-time market load deviations for buying or selling energy depending on whether there is 
responsible for replacement resewecapacity payments [2.3], excess demand Or excess generation in the system. In this 

sense, the reserves are used along with other available 
There are also relations between the various reserve markets, resources in the real-time balancing market. The highest 

and the real.tune market. ~h~ may not always be able to p i c e  resource used in the interval sets the pnce for that ten 
choose the source of energy from the minute intenal. A we~ghted average of the ten minute pnces 

market. For example. a umt receiving capacity resenatlon is at the end of the hour to apply to all 
as replacement while it may have the uninsttructed deviations. A derailed description of the real- 

lorvesr energy bid among available generators, it may not be time market is beyond the scope of this paper. 

able to respond to the ISO's call in a timely manner. The ISO. 
may have to take a spinning reserve unit instead. On the 9. Market Power and Regulation 

other hand. the [SO 'vill probably tr). to avoid tahng e n e r e  In order to secure the regulators. permission to sell enern at -. 
from spnning or 10-minute resene units whenever possible market based prices, vplcally must present a 
becaujc of the hlgh associated replacement costs. detailed analysis showing the absence of market power. 

Similarly, they must show that they lack market power in the 
This means that when the I S 0  looks for real-time generation ancillari services markets to be able to sell ancillarl; 
it looks only at a subset of the available balancing units. services at based Drices. ~h~~~ have been few, if anv, . . 
However, one cannot consistently identify the relevant attemDts to analyze Dower in the case of &illarv ~~~ ~ 

market as associated with a particular reserve services.   hi^ mkans that utiiities must agTee to 
catego?-. Thus. [he e n m u  market" is based rates for ancillarj services and pafiicularly for resme 
small. raising m a k e t  power concerns; these concerns, albeit capacit)., H ~ ~ ~ ~ ~ ~ ,  determining the cost based rates can be 
serious. are hard to quantify. equally arbitrary. Moreover, by choosing a single price to 

serve as an upper bound or cap for all the hours creates 
8. Dispatch of Ancillary Services more problems than it solves. For example, in peak hours the 

All schedules received by the I S 0  from the PX and other O P P O ~ ~ U ~ ~ ?  of supplying spinning reserves for a 

SCs are balanced. In real-time, deviations from scheduled generator can be  higher than the cost based cap. This would 

generation and load levels are inevitable, either as a result of eliminate incentives for infra-marginal generatom to make 
normal load and generation variation or as a result of larger unloaded capacity available for reserves instead of 
unplanned outages, or as a result of strategic decisions by Supplying energy. The net consequence would be a shortfall 
market such u n i m m e d  &ia,jom from in ancillary services. On the other hand, in off-peak hours, 
schedules result in an e n e r u  imbalance that is manifested in because of the acknowledged possibility of market power, it 

the kea Control E~~~~ (ACE). ~h~ generators on AGC are is quite possible that the prices for reserves could approach 
the first to respond to the imbalances. This action talies the cost-based rates, which can be higher than the 

?lace  thin a time-frame of seconds, ln order to competitive prices. This observation seems to be the case in 
restore [he AGC units to their set-points. the ISO must the initial experience in the California market. The prices and 

enerp by means of inrhrcred &ations from quanuties for spinning reserves are illustrated in Figure 2 for 
resources that have submitted the enera a given day. The prices throughout the day were at or near 

pricelquantip bids to the ISO. This action takes place on a 'he bid caps. During the hours 1-6 and 22-24. the prices were 
slightlv slower time-frame: sav eveni ten minutes. ~h~ at or near 7.10 %/MW and during the hours 7-21, the prices . . 
e n e r g  bids (Z) from the various resources including the 
three n p e s  of reserves can be aggregated to form a supply 

At any given instant, the I S 0  is either buying or selling 
curve as shown in Figure 1 

energy. The IS.0 does not attempt to optim~ze the dispatch 
by simultaneously selling and buying energy, 
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were at or near 9.50 $/MW8. The quantities procured in the under the assumptions of a well functioning and competitive 
hours 7-21 were less than in the lower oriced hours. market. 
suggesting insufficient supply at the capped prices. In Disclaimer 
cases of such price-cap induced shortfalls, the I S 0  may be 
forced to rely, o n  the increased use of generators o n  long- .  , This paper does not necessarily reflect the positions of 

PG&E. Any errors or omissions ari the sole responsibility of ' . ' .' 

term Reliability Must Run (RMR) contracts, at costs that can 
the authors. -----easity--~%g~ha-tke-price-~attf.--- -- -- ~ 
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Abstract 

I Tkis paper describes the design of a market that can be 
:i;ed by an independent System Operator (ISO) to 
pertbrm the real-time balancine of demand and supply in 

I 
i?.e electric power grid. Althoueh. the real-time balancing 
function is common to all ISOs. there are many different 
approaches that can be used to price it. The approach 
described in this paper formed the basis for the design 

I oirhe Callforma ISO's real-time elaoicitl; market. 

generating capacity Under the first suucture, the I S 0  
dispatches resources on the basis of their bids and rolls 
the incurred costs into an upliftthat is allocated pro-rata 
to all customers. This structure, \vh~ch has been used in 
the UK, does not explicitly make use of any "real-time" 
price signals. Instead, it seeks to mitumlze the uplift 
costs, by imposing penalties on resources that have 
uninstructed deviqrions' from their final schedules 
established in the short-term forward market'. Under the 
second structure, thc I S 0  seeks to operate a "real-time' 
market with transparent market clearing prices These 

Introduction prices are intended to provide approprlatz incent t~es  for 
participating resources to manage their uninstructed 

.A,;..; the electric utility industr). resuuctures, the 
deviations in a manner that is consistent with the goal of 

r:sponsibility for operating the power system is shifting reducing energy imbalances to zero. The regulating 
to Independent System Operators (1SOs). One of the markets in and Sweden and the real-time 
p r i m w  responsibilities of an IS0 is the real-time 

in are examples that fall under this market 
balancing of demand and supply, This function deals structure. 
u i th  the management of ener@ imbalances, which are 
defined as the difference between aggregate supply and Market Structure 
demand in real-time. Management of imbalances requires The market structure assumed in this paper involves an 
the use of generation resources whose response may ISO and a set of independentSchedullng Coordinators 
v;u). as a function of time. Since an I S 0  does not own (SCs) that represent generators and load [1,2]. The SCs 
any generation resources, it must procure this service in are responsible for schedule~,to the I S 0  on a 
a non-discriminator]; manner from resources that belong day-ahead basis for eadh hour of the operating day. The 
to multiple owners such as existing utilities, independent schedules submitted by scs may involve inter-sc 
power producers and other competitive generation. In trades. They reflect decisions about and 
some instances, responsive demand may also demand levels based on the trades that occur in each 

 his service may be procured by organizing SC'S market. The following rules and observations hold 
a market for Ancillary Sen'ices, through long-term wi* respect to the market: 
contracts or through the introduction of appropriate 
pnce incentives in real-time operation [4.5]. 

This paper focuses on how Ancillaly Semices and other 
available resources can be used tn real-time .for 
managing e n e r p  imbalances. There are two distinct 
structures that can be used for designing a market to 
manage ener@ imbalances. Under either structure, the 
I S 0  needs to have at its disposal the appropriate 
resources which are capable of providing Ancillary 
Semices such as operating reselves and Automatic 
Generation Control (AGC) along with any Supplemental 
Energy they may have available from unloaded 

L.ninstrucleddevia~ions are deviations not requested 
by the I S 0  Inslrucred deviolions are procured by the 
I S 0  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 
on a day-ahead basis with hourly (or half-hourly) 
DrIces. 



1. All forward market schedules (including inter-SC for creating incentives to respond to the 1SO's 
trades) submitted to the I S 0  are balanced on a SC- instructions. 
bv-SC basis, 

I 
- 

2. Revenue adequacy for the 15'0: This criterion is 2. In real-time, an imbalance can occur between 
relevant if more than one price i s .  wed tn settle 

demand and in each "" due ' - imbalances. It requires that the sum of all payments 
deviations from schedules established in the 

I 
. i o r w a r d ~ a a e t s P  sucn i ~ ~ a n c e s  in t h e e  m a d e a r u L m x ~ k l - t i m e  ~ ~ 

are retlected in the Area Control Error (ACE); deviations (instructed and uninstructed) adds up to 
zero in a given settlement oeriod (sav each hour). 

I 
3. ,Any aggregate e n e r a  imbalance must be restored 

to zero. The process of restoring the energy 
imbalances to zero involves the procurement of 
imbalance energy by the ISO. 

The procurement of imbalance energy through 
competitive auctions is thz prim* focus of the paper. 
Additionally. the following observations hold for energy 
imbalai~ces: 

1. At any given instant (or more appropriately. in any 
given dispatch interval) an energy imbalance is 
either positive or negative, but not both. Positive 
imbalances occur when supply exceeds demand, 
and negative imbalances occur when demand 
exceeds supply: 

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

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 
desigm of the real-time market: 

I .  Rsvenae adequacy for bidders: Revenue adequacy 
for bidders requires that all bids accepted by the 
I S 0  in real-time are compensated at prices that are at 
least equal to their offered prices. This is necessary 

- 

' Thks evcludes anadvertent interchange. 

3. Price srabiliry: This criterion is essential for every 
well functioning market. It is related to the 
relationship between actual imbalances and prices. 
For example, as demand exceeds supplv. the pnce 
should increase. and as  supplv exceeds demand. the 
pnce should decrease [3]. 

4. Absence of cross-subsidies: l l u s  criterion is 
Important for providing the proper pnce simals and 
for reasons of equity. It relates to proper 
measurement of energy imbalances so  that the costs 
associated with the procurement of imbalance 
c n e r p  can be allocated to those market participants 
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 dev~ations, 
patticularly 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  Ancillaq 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.. 

I 
spinning, non-spinning, and replacement reserves) and 
Automatic Generation Control (AGC). The latter 
category includes resources refemed to a s  Supplemental 

I 
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 the~r  tune 

I 



A n c i l l a w  Serv ices  

L 
r e a l - t ~ m e  dispatch ins t ruct ions  

Figure 1 :  Interaction of different resources in the rea[-time market 

response into (a) AGC resources that respond within 
seconds. and (b) Resenes  and Supplemental Energy 
that respond within minutes of the ISO's dispatch 
lnstluctlon. 

Figure I illustrates the interaction between the various 
categories of resources in the real-time market. 
Uninstructed deviations from schedules result in an 
e n e r p  imbalance that is manifested in the ISO'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 periodically. 
return the AGC units to their set-points, the IS0  must 
procure energy by means of instructed deviations from 
resources that have submitted the appropriate energy 
pricelquantity bids for the imbalance energy auction. 
T h ~ s  action takes place on a slightly slower time-frame, 
sav every ten minutes. The energy price bids from the 
v&ous resources, including the three types of reserves, 
can be aggregated to form a composite supply curve, as 
shown in Figure 2. 

Price . . . . . . . 

Generation > Load Load > Generation 

Figure 2: Supp1.v cuwe,for real-time dispatch 

In eye? dispatch interval, say ever). ten minutes. the 
IS0  conducts a single sided auction' for buying or 
selling energy depending on whether there 1s excess 
demand or excess generation in the system. In t h s  
marker design. the reserves are used along rvith other 
available resources in the real-time balancing market. 
The resource with the highest energy price used in the 
interval when the I S 0  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 IS0  sells imbalance 
e n e r e  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 to 
settle all uninstructed deviations. 

Imbalance Energy Procurement: a Series of Auctions 

The real-time market can be considered to be a series of 
single sided auction? conducted by the I S 0  at the 
beginning of each dispatch interval. Some of these 
auctions are conducted with buyers, and some with 

In any given dispatch interval, the I S 0  is either 
buying or selling energy. The IS0  does not attempt to 
oprimize the dispatch i n  a given interval by 
simultaneously selling and buying energy. 
In a single-sided auction there are buyers or sellers. 
but  not both. In a double auction, there arc both 
buveir and sellers. The ISO's role in the real-time 
market is limited to managlng Imbalances and 
resroring them to zero, as opposed to truly operating 
a market for economic trades. 



sellers. Sellers' auctions are conducted during supply I 

deficits. and buyers auctions are conducted during 2za:2:fb--j------- 
demand deficits. The quantity being auctioned by the 

I 
P1 

IS0 in any given auction is equal to the imbalance 
energy that the I S 0  needs to procure based o n  the net 
deficit in supply or demand. 03 0 2  

. . .  "igure : wo auctrons wrr se l Z K Z t h h i Z F a r h i  
11 may he impractical to set a clearing price for the C n i f o r m ~ r l ~ e  equal rh: accepred in 
purposes of settlements corresponding to every auction. 

borh auctions. 
This may result from hr.0 factors. First. the large majority 

1 
of uninstructed deviations are not metered a t  a Cose 3: All auctions within the time period T a r e  wirh 
frequent: that equals the dispatch frequency. e.g.. 

buyers8. Here, the lowest accepted bid among all the 
eve? ten minutes. Second. the sheer volume of doing all auctions can be used to set the price. Figure shows a 

I 
settlements at the dispatch frequency may be too 

case in which two auctions clear at a common price PI. 
cumbersome. Thus settlements may be performed on a resulting in an additional increase in the consumer 
some\vhat slower time scale (say T).' The problem lies m surplus of QlHJ'2-PI). Once again, the larger the time 
deiinine a suitable T and in calculating a price for 

I 
interval T, the more auctions clear at a common pnce and 

settlements with the winning bidders in all the auctions 
the greater theincrease in the winner's surplus. 

within a time period T. The possible ranee of choices for 
I 

- 
T can v q  in multiples of the dispatch interval from 10 
minutes to I hour. 

Price Determination for Instructed Deviations 

The sec::on discusses pnnc~ples for determining the 
prics that applizs to instructed deviations. There are 
three possible cases to consider when defining the price 
for the settlement period T. 

Case I :  .All  auctions wirhin rhe time period T a r e  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 
addit~onal profit or surplus of Q l x ( ~ 2 - P l )  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 in the sellers' surplus. 

6 I n  the Norwegian and Swedish regulating markets 
operated by Stattnet and SVK respectively, this time 
~nrerval 1s one hour. 
This is equivalent to saying that at interval T. the I S 0  
requests the relevant generating units (loads) to 
increase (decrease) their outputs (consumption). 

Figure 4: Twoauctions that clear at a uniJorm price set 
equal to the highesr accepted bid among borh aucrions. 

Case 3: Some auctions are wirh sellers and some with 
buyers within rhe rime 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 pnce to 
settle 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 ser A (buyers) and one for set B (sellers) Each 
price is determined a s  described in Cases 1 and 2. 

This is equivalent to saying that in interval T. the I S 0  
requests the relevant generating units (loads) to 
decrease (increase) their outputs (consumption). 
This is similar to the approach Followed by SVK. the 
Swedish grid operator. The imbalances in the system 
are classified into two categories: active and passive 
deviations. ' The active deviations arc sales and 
purchases authorized by the ISO, while the passive 
deviations are sales and purchases nor explicitly 
authorized by the [SO. Two prices arc set for each 
hour. one for active sellers (and passive buyers) and 



b) Esrablish a single price based on a pre-determined 
mle. 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 

c) Choose a rime period T that is small e n o u g s  
moidCase 3 occurrences. Clearly, if T is defined to .. . -. .~ - 

correspond to the dispatch interval, such avoidance 
is easy. Choosing a shorter time interval also has a 
significant effect on the surplus. If T is 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 
!n Sweden. and appears to satis& many of the design 
cnteria discussed earlier. It results in revenue adequacy 
f,>r both the bidders and the ISO. and seeks to limit the 
role of speculators thereby minimlling gaming. It may be 
viewed as a design that offers a generous reward for 
f,2ilowing the ISO's instructions and a penal5 for 
~nlnsuucted deviations from schedules. Since. some 
d s ~ e e  of uninstructed deviations are inevitable. this 
,?stem would provide an incentlye for introducing de- 
centralized management of e n e r u  unbalances. 

In case 3b it might seem reasonable to choose the larger 
of the sets A and B to set the price for interval T. Thus, 
dunng an hour where the I S 0  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 IS0  decrements most of 
:he adjusted resources, the lowest bid selected might be 
used to set the price. Furthermore, if the I S 0  makes side 
payments ro f fe r  shortfall compensation"), it might be 
acceptable to use an average price instead of the highest 
or lowest prices. 

Case 3c forms the basis of the design of the real time 
market. operated by the California I S 0  In this design. 
instructed deviations are settled at each dispatch 
ixerval, which is currently set equal to 10 minutes. This 
design is further discussed in the remainder of the paper. 

Revenue Adequacy for AGC units 
The resources that participate in real-time balancing, and 
consequently in the [SO'S real-time auctions include 
units that provide A n c i l l q  services (e.g.. the different 
reserve categories and AGC), and Supplemental Energ?;. 
.-incillaq Services are assumed to be procured 

one for actiw buyers (and passive sellers). 

competitively 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 

~ c e c o w q o d s t w d a s t e d m e e f r a m e l - -  
reserves. Second, AGC allows for bi-directional 
adjustment of a generating unit's output (up or down). 
AGC units are cont~nuously responding to the changes 
in the system load. A given AGC unit's output level may 
drift with time towards its minimum or mavlmum lunit. If 
the AGC unit's output reaches a limit. its output level is 
frozen and the unit becomes ineffective (at least 
temporarily) for load balancing. The likely course of 
action taken by the I S 0  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 e n e r e  unitslO. 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 satis&ing the 
assumption in Case 3c. This raises the question of how 
to ensure levenue 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 pnces that 
apply to uninstructed deviat~ons, we make two 
assumptions ' 

1. It is possible to measure or meter the instructed 
deviations in each dispatch interval; 

2. Uninstructed deviations can only be metered hourly 
(ie.. they cannot be metered in each dispatch 
interval). 

'O At times. the IS0  may find i t  uscful 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. 



The consequence of these assumptions is to create two 
frequencies for settlements. The instructed deviations 
are settled in each dispatch interval, and the 
uninstructed deviations are settled less frequently every 
hour. In the California ISO's design, the dispatch 
interval is ten minutes. For the IS0 to be revenue 

. a d e q u ~ t k - b ~ u ~ ~ ~ ~ r ~ 1 n i n s ~ ~ ~ t e d 4 ~ a t i o m -  
can be set equal to the weighted average of the six 10- 
mlnute pnces, as follo\vs: 

Hourly ex-post price = 

where p, 1s the pnce m interval i, and q is the quantity 
(positive or negative) of imbalance energy procured in 
interval i. 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 rust interval the IS0  decrements resources 
and in the second interval the IS0  increments resources. 
Figure 5 illustrates the case where the quantiw of 
decrement and increment happens to be equal in each 
interval. The IS0  is f is t  selling ~mbalance enerp  at the 
price pl ,  and then buying the same amount, bur at the 
price p2. Although the net imbalance energy within the 
hour is zero, the IS0  still incurs a net cost of p2xq2- 
p lxq l  or (p2-pl)xq. 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 imbalances. 

Price I 

uninstructed deviations arc measured to be small, and 
result in an unusually high hourly price for uninsuucted 
deviations. It is unfair to apply this high price to those 
uninstructed deviations that imposed little burden on 
the IS0  but did not cancel out to zero. 

~ m a k e _ l h e h ~ ~ ~ ~ - p r i c ~ ~ ~ m e ~ e s e m b l a n c e  tarhe 
10-minute prices. the calculation of the hourly price may 
be done as follows: 

6 pilqil 
~ o u r ~ y  ex-post price = CL=[ - 

iqil 

However under thls approach. which has been adopted 
by the Cailfomla ISO, the IS0  is no longer revenue 
adequate and may need to recover any revenue shortfall 
through a separate balancing account. 

The use of two different pnces for instructed and 
uninstructed deviations that are based on marginal and 
average pnces sets up arbttrage opportunities chat may 
impose additional burdens on the operations of the IS0  

The Impact of Transmission Congestion 

The impact of congestion is to split the ISO's real-time 
market into separate areas, referred to as congestion 
regions that are in te rco~ec ted  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, ~vithout 
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 certain transmission 
~nteriaces only for a fraction of the hour. 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 
Figure 5: Equal decremental and incremental compete for providing imbalance energy, and assume 
quantities that the scheduled generation is falline behind actual 

A related example illustrates the equity and cross- 
subsldy problems associated with this approach. 
Consider a load w ~ t h  unusually large fluctuations (e.g.. 
an arc furnace) that necessitates the ISO's procurement 
of imbalance energy settled and paid for in each ten 
minute interval At the end of the hour, the net 

'. " 
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 they are 
selected, based on merit order, to meet the IS0  
imbalance energy requirement at each internal. The 



Table 1: .Vumerical example 

1 MCP ISIOIMWh I S12 MWhI S151MWh I SISIMWhI S2OlMWh IS2OIMWh I I 

. . . . . .  . . . . . . . .  

Total .lfW I I? MW / 30 MW I 48 MW I 54 MW I 60 MW I 66 MW I 66 MW 
Tom1 .%I Wk I 2 M W h  1 5 M W h  } 8 M W h  I 9 M W h  I ~ O M W ~  I ~ E M W ~  1 4 5 M w h  
Market Cieannp Pnce (MCP) 1s set to the hphest drscussed in the paper Calculat~on of two d~fferent sets 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  . .::. . . .  

. . 
accepted pnce in each intewal. Thesepnces are used for of prices to settle for instructed and unrnstructed 
instructed deliation settlements, as follows: devi'ations has also been discussed. 

The average hourly ex post prlce used for uninstructed 
delratlon settlements is calculated as follows. 

. . . . . . . . . . .  . . . . . . . . . . . . . . . .  

Disclaimer 

This paper does not necessarily reflect the vrews of 
PG&E Energy Services or the Pacific Gas and Elecvlc 
Company. All errors and omrssions are the sole 
responsibility of the authors. 

...r . i i : ~ ~ l ~ ~ ~ $ : ~ : ~ : ~  hii!t::j33:M.w k: . 
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SPANISH SYSTEM. Overview (I) 

I Peninsular Svstem (1 9991 

Maximum peak load 31 247 MW 
Gross electricity demand 184 239 GWh 

Generation: TOTAL SYSTEM ENDESA 

Installed power 43 662 MW 45.4% 

Nuclear 7 686 W 7.4% 

Coal 1 I 238 MW 14.0% 

Fuel -gas 8 214 MW 7.4% 

Hydro - pumplng 16 524 MW 16.6% 

Transmission system: 
400 kV clrcults 14 538 krn 

220 kV clrcuits 15 866 km 



Peninsular System 
Generation Liberalised activity. Competence 
Transmission Regulated activity 
Distribution Regulated activity 
Commercialisation Eligible clients, V>1 kV(Ju1y 2000). Competence 

I Two Operators: I 
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 Ancillaw Services manaqement 

FORUM ON ANCILLARY SERVICES. WARSAW, Februarf22-24 . 
ANCILLARY SERVICES (AS) IN THE SPANISH SYSTEM 

The AS for active power reserves are fully developed: 

Primary Reserve Compulsory (automat~c, unit governors) 

Secondary Reserve Cornpet~t~ve (automat~c. AGC) 

Tertiary Reserve Compet~t~ve (under SO requirements) 

Deviation Market Competltlve 

Other Ancillary Services are not developed. They are running by the 
previous rules to 1998 (co-operative framework): 

ReactiveNoltage Control 

Black Start 



All generation units should be equipped with a governor system 
control 

SERVICES. WARSAW, February 2 2 3 4  H- 
I ----eEUMARYRESEBVL-------- 

I I Adjustment parameters according to UCTE rules I 

- - - - - - .- 

I service without remuneration 1 
Generation units without governor should pay a cannon or may 
contract the service 

SERVICES. WARSAW, February 22-24 

I SECONDARY RESERVE (I) 

I 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 Regulation 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 signals to the 
different Regulation Zones 

The signals to Regulation Zones are proportional to the reserve 
assigned in the secondary daily market. 



FORUM ON ANCILLARY SERVICES. WARSAW, February 22-24 
1 Endesa 

I The service remuneration considers three concepts: 

Band: UpIDown reserve capacity, it is paid to each 
generation unit. 

AGC behaviour: The SO monltors in real tlme the AGC response 
Bonus or penalty for the regulat~on zone 

I Secondary energy: Price of the energy according to the tertiary 'price 
staircase". Remuneration to regulation zone. 1 

The band provided by each generation unit and its retribution is the 
resuk o f  a competitive market decided the day ahead (D-I). 

I, c.1 
FORUM ON ANCILLARY SERVICES. WARSAW, February 22-24 

: AiEndesa  

SECONDARY RESERVE (3) 

Band Market (Dav D - 1) 

The SO publishes the hourly secondary reserve (upidown) needs for 

day D. 

Each generation unit submit its bids to the SO: 

Up and Down reserve (MW) 
Price (PTAIkW) 

The SO selects the bids until the reserve requirements are completed. The 
last bid defines the marginal price. 

All the selected bands are paid at marginal price. 



FORUM ON ANCILLARY SERVICES. WARSAW, Februa~~ZZ-24 
la- 

This Ancillary Service worlts as an energy marltet. The band is not paid, 
only the energy when it is demanded, via phone, by the SO. 

Btds: 
- Power (MW) that could be deliver before 15 minutes and could 

be maintained during 2 hours (upldown reserve). 

- Price (PTNkWh). 

All the generation units have to submit bids for the available reserve 

The b~ds  could be changed at any tlme by the agents, there 1s a dynam~c 
"mallbox" in the lnformatlon system ofthe SO 

ORUM ON ANCILLARY SERVICES. WARSAW. February 2234 

TERTIARY RESERVE (2) 

A l l  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. 

T h e  tertiary 'price staircase" is used to define the secondary energy 
price. 

. Both prices are determined 'ex - post" 



FORUM ON ANCILLARY SERVICES. WARSAW, February=-24 
m- 

ORUM ON ANCILLARY SERVICES. WARSAW, February 22-24 - 
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 subma bids to the SO. 

All the accepted bids are paid at marginal price. 



I The general issues are defined but many details should be clarified. I 

FORUM ON ANCILLARY SERWCES. WARSAW. ~ e b m a ~ j  22-24 
- 

- U O L T A G E . C O r n O t -  

Ancillary Service not developed, there is a draft under discussion. 

Generation: 
Obligatory reactive band (f MVAr) 
Additional band could be offered to the SO 

Distribution: 
Minimum power factor at T-D interface 
Additional resources could be offered to SO 

..~~ 

Transmission: 
All means of voitage control will be managed according to SO criteria 

FORUM ON ANCILLARY SERVICES. WARSAW. February 22-24 

I BLACK STAR I 

I . Ancillary Sewice not developed 

. There is not draft. 



FORUM ON ANCILLARY SERVICES. WARSAW. February 22-24 

Market sequence for day D (in short) 
& M a a u  Remark3 

t4 :W Secondarynerliary Market The needs of secondaryflerliary reserves are published (0s) 
l4:W Daily Market The resuns of congertbn management are published ( 0 s )  

-: t5:30 Secondary Market (Band) Bid Reception is clmed (SO) 
16:v Secondary Market (Band) The results of Secondary Market are publishes (SO) 

4 
l8:M lntra daily market l Resuns of intraday market 1 are publishes (MO) 

22:M lotradaily market 2 Results of i n taday  market 2 are publishes (MO) 

24:W Tenisry Market TeRiary bids are sent t o  a dynamic "mailbcx" (SO) 

0230 lntradaily market 3 Resuns of intraday market 3 are publishes (MO) 
0 

0530  lntradaily market 4 Resuns of intraday market 4 are publishes (MO) 
0 

0930  lntra-daib market 5 Resuns of intra-day market 5 are publishes (MO) 

1330 Intra-daily market 6 Results of intraday market 6 are publishes (MO) 

Afler each inla-dal market a Deviation Market session could be open by OS (if an aver= e deviation 
higher than 3W &is expected). In 30 m~nutes the Agents send the,, bids M r k e t  horlron f hours (aprox)] 

FOROM ON ANCnLARY SERVICES. WARSAW. February 22-24 Eadcv 

Market sequence for day D - 
Hour - MaaR R e m a w  
10W Dally ~ s h e t  Bid recepflm a do- (MO) 
11 W Dasly Maher ResuIs of Dally Market 
12W Dally Mamet 'The producaon pian of nyaio plan- are send (SO) 
14.00 -maryn,rrernsy Market Ths n e d r  of rlcondnry ma *wry rewnsr are publsr~ed (0s) - 1 d . w  OI>IY  ans st The resvm of c m g e r n o n m n a g m n r  are p u o l i r ~  (0s) 

0 t5.m sosordav Mar*et(@and) 88.3 RosapPonmdossd (SO) 
> 1B:W SFcomrry ~ar*eflBand) The rnum of SFcondary Mahetare published (SO) 
2 17 45 l n f ~ d a l ~ y  msr*sr 1 680 r-onm s d o ~ d  IMO) [Mansthornon: 21:W(D1) to 24.02 (D)] 

18:m in- dally market 1 Resub of inm.day mahet 1 are published (MO) 

21:45 intra.dally mahef 2 Bld isapUm n do-. (MO) [Markcthornoo: W:W (D) lo 24 W (Dl1 
22.30 inm.dally mahst 2 nesvm of intndry mahet 2 arc pvblirhea (MO) 
24 w iernary ~ a h c t  Ten8ary bids are mf to r dynsmlc 'mailbf - 
01:45 lnm-da#ly mahef 3 816 r-pncn isdo- (MOI [Mamot honron. U : W  (Dl w 24:m (Dl] 
02:m intra.dally mahef 3 Rervlrr of tnua4.vm.h.t 3 are published (MO) 

O 04:45 inaadally m a h n  4 Bld mepnm s dosed. (MO) IMahn hornon: 07:M (0) la 2 4 : ~  (D)] 
ffi:m lnmdalry mmet4 Resub of i"fR.d*Y ma** 4 are D"*.hed (MO) 

0 
05.45 lnlra-dally markel 5 886 r-rbon o dored IMO) Wahet hornon: 1t:W (Dl to 24'W (D)] 
09.32 inm-daily manet 5 nesum at ina-day maher 5 are published (MO) 

12:45 Iilfra.da8ly market 0 Bsd reooucn rsdored (MO) (Msrret honzan. 15 W (Dl to 24 m (011 
33.30 intra-dally market 5 Reruls af inma-day mahet 6 are publirhea (MO) 

Aner escs iom-damly mahe! a Dewaflm MarKet rerrsn =wid be open by 0 s  (a an averapodevta8on higher 
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RESULTS AND-EXP€R1ENC€Sf4-) -~ ~. ~ ~. I 
The algorithms for 

Secondary band market 
Deviation market 

have been changed in order to improve the market behaviour 

I Regulatory mechanisms should act quickly if bad behaviour of algorithms is 
detected. I 

I Nowaaays, al, tne deve.opea AS are worklng we11 and on y mlnor 
mod.fica1ions could be necessary n oroer to mproke them. I 
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. 

FORUM ON ANCILLARY SERVICES. WARSAW, February 22-24 

I RESULTS AND EXPERIENCES (2) I 
I ExamDles of possible improvements I 

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 higherthan the daily market. 

The master algorithm that sends signals to the different Regulation Zones is 
a quick adaptation from the old system rules (cooperative model). There are 
several proposal under study. 

Tertiary energy asslgnrnent procces: 
- The consumption of secondary energy should be minlmum. 

- The assignment of tertlary programs should be more frequent 

I - The energy programs should consider the unit ramps 



FORUM ON ANCILLARY SERVICES. WARSAW, February 22-24 
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AVE~-C;ECOSTCOST6FTHE-~~c~~~~~~ SERVICES 

Year 1999 
1 E = 166,386 PTA 

Impact on final price 

Secondary Reserve (total) 7502 MPTA 0.047 PTNkWh 
Band 4705 MPTA 
Secondary energy 2797 MPTA 

Tertiary reserve 6559 MPTA 0.025 PTNkWh 

Deviation market 4218 MPTA 0.016 PTAlkWh 

Total AS costs 18 279 MPTA 0.088 PTNkWh 

FORUM ON ANCILLARY SERVICES. WARSAW, February 22-24 

p ! Endesa 

AVERAGE COST OF THE POOL ENERGY 

Year 1999 
1 E = 166,386 PTA 

Production cost 4.45 PTNkWh 76 % 

Uplift due to AS 0.09 PTNkWh 1.5 % 

- Uplift due to congestions 0.07 PTNkWh 1.2 % 

- Power guarantee 1.23 PTNkWh 21 % 

TOTAL COST 5.84 PTNkVrh 100% 



SERVICES. WARSAW, February 22-24 

Dailv band necessities-ottbtishes-bv-theQL- - 
35000 I---- 

SERVICES. WARSAW, February 22-24 

Asrianed band bv technolwies (1998 - 1999) 
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Tertiary energy 
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F 
1 Endeza 

Webs 

System Operator: www.ree.es 
Market Operator: www.comel.es 
Regulatory Commission: www.csen.es 
Electricity association: www.unesa.es 
Endesa: www.endesa.es 
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---C~mpany-:  
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E-mail: 
Company status: 
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Angel Siiz Chicharro 
Doctor 

ENBESA -- . -- 
Principe de Vergara, 187 28002 MADRID (SPAIN) 
34-1-566 88 00 / 34-1-590 83 10 

 
Responsible for Transmission and Ancillary Services 

 

Qualifications: - Ingeniero Electromecanico de ICAI (Madrid) in 1976 

- Ingeniero Industrial in Electrical Engineering from the 

Universidad Pontificia Comillas (Madrid) en 1982. 

- Doctor Ingeniero Industrial from the Universidad Politec- 

nica de Madrid en 1986. 

Professional experience: 

From 1976 to 1978 he was with Empresarios Agrupados, an engineering companq, 

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&I) projects for Spanish utilities. 

From October 1987 to June 1997 he was with Red Electrica de Espaiia (REE), a public 

electric utility created in 1985 to unify the operation of the Spanish generation and the 
EHV 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 
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Ellergy marltcts are either 
national or international 
(depending on constraints 011 
the borders) 

System operation is national 
or even local. 



Counterparties. Economic flo 4 I 

ft Energy rnarkets trade on energy. Distri billion 
companies perform electricity delivery 

. .\ 
H Custolners pay thc access tarif l to the distribution 

company and the energy to the tlic ntarkct (supplier) 
Generators sell the energy thro~~gli the inarltet aiid 
supply AS to the TSO (iilvolving cnergy, sometimes 

# Energy ~narkets are 1nultilate1-a1 while Systcm 
Operation is bilateral (Single Buyer). 

AS should be a transportation cost 



AS "with" and "without" ener < 

8 

rt When AS supply involve a c h a ~ ~ g c  in the schedule: 
Gcncrators cannot manage its pricc risk 

Emerge~lcy procedures are always needed 1 I 
tt. Changing the schedule is not a problem if'know d 

in advance (energy renegotiated in liquid market , 

CC. Criteria is "real time" vs in advance" 1 
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Trading seq~uence 
: 
( 
! 
? 

i 
j 
! 
t 
I 
i 
? 

Reference, liquidity I 
i 

- d -- - 'I 
I 

11 

.- .. 

Emergencies sllould not constitute a rekrence price: 

Limitetl 11se (cven at a fixed price) 

Contract for foreseeable problems 
.................... ....... . .............................. -- 

- ........ .... 

23, 
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I 
1 
i 
t 
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; 
Requirements for domestic tra 1 e I d i 

i 
1 

I 1 

rt Firmness somewhere bef-ore reserve n~anagemcnl 3 
I 
! 
: 

I ! Constraint management strictly 'I'SO b~~sincss 
: I 

# Liquid reserve ll~anageinent marltet (or 
arrangements) 

Known settleinent procedure 
"Universal" access to the imbalance price 
Imbalances has to be syiumetrical 

N Known emergency procedures (generators) I i 
I t 

i 

# Settlement of AS and losses thro~lg11 t11c access I ? 

1 I 

tariff or charged on imbalances ? 
! 
I ,  i 

i 



On the border 
I 
I 

% TSOs agree border conditioils and firm I 

interconnection capacity I I 

Same criteria as for doinestic trade I 
Preferably before the spot ~narltet (capacity 

I I auctions seein to need monthly or even yearly 
coinmi tments) I I 

I 

# TSO face imbalances at the border 1 I 
I 0 ~ 1 1 ,  market or contracted reserve energy , I 

Pass-through to customers or i~nbalances I 
1 

I 
I 



I 

Scheduling + Settlcmcnt 01. imbalances 1 

i .. 
i .. .i 

including a prelnium 

TSO co-operation 

(UCTE, CENTREI,) 

i 

< > 
I 

r 
1 
; 

I 
! 

Joint Reserve Managenlent I 5 1 

1 : :. 

i 

(Single reserve psicc) 

Full integration 



Obstacles to trade 

S Lack of constraints or reserve management 
procedures (lead to abuse of' emergencies) 



# Energy markets profit on coininercial 
not on loop-flows 

Coilgestions lead to zonal pricing I 

I 

Iinpact on trailsinission losses and capacity at thk 
border 

Losses charged to domestic customers inay increase 
due to international loop-flows 
If  capacity has to be firin, it has to be sinaller 

Transits 

Commercial transits should foster investment ih 1 

transmission assets 

I 
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So Tell Me About . . . 
I 
I 
I The NYISO 
I 

Ancillary Services 
1 
I How About That Market !! 
i 

I How Does This Thing Work? 
I What Does It All Mean? 

Today I will talk about the market for ancillary senices 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. 

A n c i l l q  semices are a relatively new commodity available in power markets in the U.S. They 
include a whole range of senrices 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 
poxer systems: resuucturing, competition new regulatory models. Among the multitude of 
products and services available in these markets are ancillary services. 

Then we'll take a look at t l~e  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 



. . .  .. ~, . ~. 

~~. -~ 

New ~ & k  IS0 
-. 

i Began Operation on 18 November 1999 

i 13 1,000 square km 

i 1998 Peak Load 
! - Winter 1998-1999: 23,879 MW 

i 
- Summer 1998 28.160 MW 

1998 Energy Requirements 
i - 151 4TWh 
i 

.The market for power in NY is operated by the NYISO. The IS0  began f o n d  operation on 18 
November 1999. It llad been operating in its current mode as the NYPP for some prebious 
months during the testing and uial 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 7351765 kV tie, and two 230 kV ties), 
the New England IS0 (one 345 kV tie and one 230 kV tie) and PJM (one 500 kV tie, two 345 
kV ties. and two 230 kV ties) offer some support 

.The NYISO has a conuol area that in 1998 llad a tiniter peak of about 23,879 MW and a 
summer peak of 28.160 IMW. The total e n e r g  requirement in 1998 was 151.4 TWh. 



New York IS0 Electricity Market 
I 

-- -- - I 

, , , . I !  
lacal~on Based J : Bilateral i 

Tran~missm : 
laiia$lea Czpac;ry Marjlnal Pncea ; i , ii"cillawSewlcer : ; Coogertian 

Energy 1 .  i i CO(III~CIS 

The products bought and sold in the NWSO include: 

.Installed 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. 

. L B W  Energy -- Energy bought and sold in the NYISO that is priced 
by time and location. 

.Bilateral Transactions -- The purchase or sale of capacity, energy, 
andlor 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-Svnchronized Reserves and 30-Minute Reserves); and Black Start 
Capability. 



.. . -- .- .-- - - 

*ilpport the Bulk Power System 

I 1 Sir  Types: 

i - Scheduling, Sys tem Cont ro l  & Dispatch 

I 
- Reactive Supply  & Vol tage  Suppor t  

I 
i - Re_9ulation & Frequency  Response  

1 - Energy Imbalance  

I - Operat ing Reserve 
- Black S t a n  Capabili ty 

SAncillarq. services support h e  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: 
~Svstem SecuriQ Management in real time (e.g. tie l i e  regulation. frequency support, . . 
intercllange sclieduling management, security constrained dispatch transmission 
system operation. system emergency management) 

.Capacity Mariagelnent (e.g. capacity management, operating reserve management and 
scheduling. outage coordination) 

-Voltage Suppon -- To maintain uansinission 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 ictual 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-syncluonous resenes. 

.Black Stan Capability Generators that can start without an external power supply and are 
ava~lable lor slstcm restoration. 



How Does This Thing Work ? 

Two Separate Ancillary Service Markets 
- Day Ahead 

- Hour Ahead 

Products 
- 10 Xlinute Spinning Reserve 
- 10 5Iinute 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 IS0 are operated to produce or 
absorb reactive power. 



I . . . .. I . .. . - 
How Does This Thing Work ? 

I - .  .. . . ~  . ~ ~. .. ~~ ~ .~ ~ ,., ~ .... ~~~~ 

I 
I 

Market Participants 
! 

I 
Market Mechanisms 
- MIS 
- Bidding 

- Meter ins  

! - Execution 
i 

I - Settlement 

.iMarket panicipants 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 
hskance. cenain teclmical. contractual. legal and regulatory requirements must be satisfied to be 
able to participate in tlie market. The requirements for each participant reflect the specific needs 
for the service (e.g. metering, testing, interconnection, protection, m o n i t o ~ g ,  and control). 

.Suppliers -- Can include generators, a n c i l l ~  service providers. and demand-side 
resources. 

.Power Escl~mges -- Commercial entities that facilitate the salelpurchase of energy. 
capacity or i incillq services in the New York Wholesale Market 
.Tr;u~sruission Custonlers -- Eligible customer who receives transmission service from 
purskult to a service agreement. Can include load-sening entities. energy s e ~ c e  
custoniers rESCo's), municipalities. cooperatives. industrial customers, and 
commercial customers 

Marketers -- Facilitate the linkage between buyers and sellers 

.Market Mechanistns --The mechanics of the market are the structure and processes that 
pro\ide an exchange for buyers and sellers. They include the systems. procedures, protocols. 
and practices of the market in the IS0 framework. This includes the bidding process, metering 
and billing. and the execution and settlement of the transaction --In some cases the IS0 
executes the msnct ion (e.g. duough direct control of generating resources), in others the 
market pclrricipnnt does (interruptible loads. generation). 



So What Does It All Mean ? 

Markets Work 
- Buyers and sellers coming together 

1 - Mechanisms seem to perform required market services 

I 

.So we have a function power market in hYS. 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!! 



- -- -- 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 



NYlSO Ancillary Services 
Day Ahead Market 

10 Min Spinning Reserve 
18-30 November 1999 

Time (Hour) 



NYlSO Ancillary Services 
Day Ahead Market 

10 Min Non-Synchronous Reserve 
18-30 November 1999 

Time (Hour) 
.- . . ~. . 



NYlSO Ancillary Services 
Day Ahead Market 

30 Min Operating Reserve 
18-30 November 1999 

I Time (Hour) 



NYlSO Ancillary Services 
Day Ahead Market 

Regulation 
18-30 November 1999 

Time (Hour) 



NYlSO Ancillary Services 
Day Ahead Market 

10 Min Spinning Reserve 
December 1999 

Time (Hour) 
. 
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NYlSO Ancillary Services 
Day Ahead Market 

10 Min Non-Synchronous Reserve 
December 1999 

Time (Hour) 



NYlSO Ancillary Services 
Day Ahead Market 

30 Min Operating Reserve 
December 1999 

Time (Hour) 



NYISO Ancillary Services 
Day Ahead Market 

Regulation 
December 1999 

Time (Hour) 



NYlSO Ancillary Services 
Day Ahead Market 

10 Min Spinning Reserve 
January 2000 

Time (Hour) i 

1 .  . .. I / 



NYlSO Ancillary Services 
Day Ahead Market 

10 Min Non-Synchronous Reserve 
January 2000 

Time (Hour) 
~. . . - 



NYlSO Ancillary Services 
Day Ahead Market 

30 Min Operating Reserve 
January 2000 

Time (Hour) 



NYlSO Ancillary Services 
Day Ahead Market 

Regulation 
January 2000 

Time (Hour) 



NYlSO Ancillary Services 
Day Ahead Market 

10 Min Spinning Reserve 
1-1 5 February 2000 

I Time (Hour) I 1 
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NYlSO Ancillary Services 
Day Ahead Market 

Regulation 
1-15 February 2000 

Time (Hour) 



NYlSO Ancillary Services 
Day Ahead Market 

10 Min Non-Synchronous Reserve 
1-1 5 February 2000 

Time (Hour) I 
I 



NYlSO Ancillary Services 
Day Ahead Market 

30 Min Operating Reserve 
1-15 February 2000 

Time (Hour) 



NYlSO Ancillary Services 
Hour Ahead Market 

10 Min Spinning Reserve 
18-30 November 1999 

Time (Hour) 



NYlSO Ancillary Services 
Hour Ahead Market 

10 Min Non-Synchronous Reserve 
18-30 November 1999 

Time (Hour) 



NYlSO Ancillary Services 
Hour Ahead Market 

30 Min Operating Reserve 
18-30 November 1999 

Time (Hour) 



NYlSO Ancillary Services 
Hour Ahead Market I 

Regulation 
18-30 November 1999 

Time (Hour) 



NYlSO Ancillary Services 
Hour Ahead Market 

10 Min Spinning Reserve 
December 1999 

I 
Time (Hour) 1 
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NYlSO Ancillary Services 
Hour Ahead Market 

10 Min NonSynchronous Reserve 
December 1999 

Time (Hour) I i 
. ~ 

1 i 
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NYlSO Ancillary Services 
Hour Ahead Market 

30 Min Operating Reserve 
December 1999 

Time (Hour) 



NYlSO Ancillary Services 
Hour Ahead Market 

Regulation 
December 1999 

Time (Hour) 



10 Min Spinning Reserve 
January 2000 

NYISO Ancillary Services 
Hour Ahead Market 

Time (Hour) 



NYlSO Ancillary Services 
Hour Ahead Market I 

10 Min Non-Synchronous Reserve I 

Time (Hour) 



NYISO Ancillary Services 
Hour Ahead Market 

30 Min Operating Reserve 
January 2000 

Time (Hour) 



NYISO Ancillary Services 
Hour Ahead Market 

Regulation 
January 2000 

Time (Hour) 



NYlSO Ancillary Services 
Hour Ahead Market 

10 Min Spinning Reserve 
1-14 February 2000 

12000 

10000 . 

8000 

- . . ~ ~. ..~ -- ~ .- ... - 

. . . .... ... 
~ . . . . ... .~ 

I . 
. 

$/MWh 6000 ~~ . -- 

'1 
4000 

2000 . 

0 . -  

. . .  . ~~ ~ ~ 

. . ~ ~~ ~ ~ .. ~~ ~~~~ i-- 
.--. .~ ~~ ~ ~p -. ~- 

.LY ... 

Time (Hour) 
~ . ~ .  .. ~~ . .  . ~ ~ . .  . . . .  ~. . . 1. . .: . 



NYISO Ancillary Services 
X J o u ~  QqrAhead Market 

10 Min Non-Synchronous Reserve 
1-1 4 February 2000 
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NYlSO Ancillary Services 
Hour Ahead Market 

30 Min Operating Reserve 
1-1 4 February 2000 
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Regulation 
1-14 February 2000 
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The NYISO 
Ancillary Services 
How About That Market !! 
How Does This Thing Work? 

What Does It All Mean? 

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 senices are a relatively new commodity available in power markets in the U.S. They 
include a whole range of senices and activities that are used to support the bulk power 
transmission sysrem. In the United States, each of the Nty states is undergoing change in their 
power vsterns: restmcn~ring competition new regutatorj models. Among the multitude of 
products and services available in these markets are ancillary services. 

Then we'll take a look ar the market for ancillary services inNY and see how the prices for 
these senices have behaved. 
Next crvill be some discussion about how the market for ancillary senices works in the NYISO. 

And I will close with some thoughts on the N\i power market 



i 

! 13 1,000 square krn 
1998 Peak Load 
- Winter 1998-1999: 23,879 MW 
- Summer 1998: 28,160 MW 

1998 Energy Requirements 
i - 1514TWh 

.The market for power in NY is operated by the NYISO. The IS0 began formal operation on IS 
November 1999. It had been operating in its current mode as the NYPP for some previous 
months during the testing and uial period for the systems, procedures and protocols. . 

.Geographically. the NYISO control area covers over 130 thousand square kilometen. The area 
is characterized with loads increasing in the eastern and southeastern part of the staie and most 
of the major generating capacity in the western part of the state. He state is transmission 
consnained. although interconnections with Canada (one 7351763 kV tie, and two 230 kV ties), 
the New England IS0 (one 345 kV tie and one 230 kV tie) and P M  (one 500 kV tie, two 345 
kV ties. and two 230 kV ties) offer some support 

.The NYISO 1x1s a control area that in 1998 had a winter peak of about 23.879 MW and a 
swnmer peak of 25.160 MW. The total energy requirement in 1998 was 151.4 TWh 



The products bought and sold in the wso include: 

.Installed Capacity -- A generator or load that is certified as having met 
all necessary requirements and is capable of supplying andlor reducing 
the demand for energy. 

.LBbfP Energy -- Energy bought and sold in the NYISO that is priced 
by time and location. 

.Bilateral Transactions -- The purchase or sale of capacity, energy, 
andlor 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 N Y S  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 Senice  (including Spinning Reserve, 10-Minute 
Son-Synchronized Reserves and 30-Minute Reserves); and Black Start 
Capability 



I Six Types: 
i - Schedul ing,  Sys tem Control  & Dispatch ! - React ive Supply  & Vol tage  Suppor t  

- Resulat ion & Frequency Response  

- Energy Imbalance  

I - Operat ing Reserve 
! 
! - Black Sta r t  Capabili ty 

.Ancillary senices support the transmission of energy from resources to loads while maintaining 
reliability. They are the physical equipment and human resources thaf provide this suppon as 
well as the metered quantsities. 

-Scheduling, System Control & Dispatch -- Two types: 

.System Security Management in real time (e.g. tie line regulation frequency support 
interchange scheduling management. security conshained dupatch nanrmission 
system operation system emergency management) 

.Cnpac~ty Management (e.g. capacity management operating reserve management and 
scheduling. ourage 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 flo1r.s. 

-0pegting Resen'e -- Provides back-up generation in the event of a contingency. Operating 
resenes include spinninz resene (10 minute and 30 minute), operating reserve. and 10 minute 
non-synchronous resenes. 

.Black S t m  Capability -- Generators that can s t m  without an external power supply and are 
avaiIab1c for s?stem restoration. 



Two Separate Ancillary Service Markets 
- Day Ahead 

- Hour Ahead 

Products 
- 10 Lfinute Spinning Reserve 
- 10 Lfinute 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 
!din 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. 

030 Min Operating Reserve -- Resewes 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 I S 0  are operated to produce or 
absorb reactive power 
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i How Does This Thing Work ? 

! 

i Market Participants 
1 Market Mechanisms 
! 
1 - MIS 
! 
i - Bidding 

- I l e t e r i n s  

! - Execution 

I 
i 

- Settlement 

-Market participants include suppliers, power exchanges, transmission customers. and 
marketers. To parucipate in a market one must meet the specific qualifications for rhar market 
There are specific categories of qualification - for 10 Minute Spinning Reserve bidders, for 
instance. certain technical. contractual. legal and regulato~y 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 senice providers. and demand-side 
resources. 

.Power Exchanges -- Commercial entities that facilitate the salelpurchase of energy. 
capacity or ancillaq senices in Lilt New York Wholesale Market 

.Tnnsmission Customers -- Eligible custonier who receives transmission s e ~ c e  from 
pursuant to a senice agreement. Can include load-serving entities. energy senice 
customers (ESCo's), rnunicipaliui.s. cooper:~tives, indumial customen, and 
commercial customers 

Marketers --Facilitate the linkage between buyers and sellers 

.Market Mechanisms --The mechanics of the market are the suucture and processes that 
provide an exchange for buyers and sellers. They include the systems. procedures, protocols. 
andpractices of the market in the IS0 framework. This includes the bidding process. metering 
and billing. and the execution and settlement of the transaction -- In some cases the IS0 
esecutes the transaction (e.g. through direct control of generating resources). in others the 
market panicipant does (interruptible loads. generation). 



I 

I * Markets Work 
- Buyers and sellers coming together 

I 
- Llechanisms seem to perform required market services I 

I 

.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!! 



- 
So What Does It All Mean ? 

I 

Or Do Markets Work ? 

I - Reliability 

i - 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 
W ,  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. 



NYlSO Ancillary Services 
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NYlSO Ancillary Services 
Day Ahead Market 

10 Min Non-Synchronous Reserve 
18-30 November 1999 
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NYlSO Ancillary Services 
Day Ahead Market 

30 Min Operating Reserve 
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Regulation 
18-30 November 1999 

I Time (Hour) 1 1 [ . /  1 ! 



NYlSO Ancillary Services 
Day Ahead Market 

10 Min Spinning Reserve 
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30 Min Operating Reserve 
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NYlSO Ancillary Services 
Day Ahead Market 

Regulation 
December 1999 

Time (Hour) 



Time (Hour) 

5 

NYlSO Ancillary Services 
Day Ahead Market 

10 Min Spinning Reserve 
I 

I January 2000 

160 1 1 

$ 

3 

: 

I 

i 



Time (Hour) I j 

NYlSO Ancillary Services 
Day Ahead Market 
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NYlSO Ancillary Services 
Day Ahead Market 

30 Min Operating Reserve 
January 2000 I 
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NYlSO Ancillary Services 
Day Ahead Market 
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NYISO Ancillary Services 
Hour Ahead Market 

10 Min Spinning Reserve 
January 2000 
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NYlSO Ancillary Services 
Hour Ahead Market 
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What's It All About ??? 

-t-- A . .~~ ~ 

The NEISO 1 
Ancillary Services in NEISO 

i 

I 
I So You Want To Play the Market? 1 

How Do I Do This? 

i And Then . . . ? 

rile subject today is the market for anc~l laq sen-ices in New England ISO. First. 1'11 describe 
the ISO. including its Nucture and operation. Then I'll talk about some of the markets in the 
ISO. 
hncillaq 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. 

\\.'e'll then have a look at the market for ancillary services in New England to see how ancilIaq 
sen-ice prices have behaved. 

Ses t  will be some discussion about how the market. for ancillaq.senices works in the New 
England. 

.And I ~vill close with some thoughts on the ancillary sewices markets 



I 
I. , , . . . . . . I . , . . , . ..New'England.ISO 

I 
I 

Began Operation on 1 July 1997 

I Over 1 1,200 km of Transmission Line 

I 1998 System Hourly Peak Load 
i 

I 
I 
! 

- 21,406 MW (22 July. 17:OO) 

I 1998 Energy Requirements 
I - 116 9 TWh 

.The Nen England IS0 power grid covers six-states with 330 generating facilities connected by 

I 7.000 miles of transmission lines. The total system serves more than 6.2 million New England 
customers. 

.Based in Holyoke, Massachusetts. IS0 New England was formed on 1 July 1997 by 

I transferring staff and equipment from the New England Power Pool (NEPOOL) to the new 
organization. Beginning on May 1, 1999, I S 0  New England in addition to operating the 
region's power grid and transmission reservation ?stem. also administers the restructured 

I wholesale electricity marketplace for the region. Seven electricity products are bought and sold 
by market participants on an Intemet-based markets system. 



Energy, AGC and Operating Reserve Market 

Operable Capability Market 
Installed Capability  market 

- Ancillary Services Market 
10 Minute Spinning Reserve i 

I 
10  minute Non-Synchronous Reserve 

30 Minute Operating Reserve 

i 

.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. 

.In 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 

I0 Min NSR 

-30 Min OR 



.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: 

.System Securiry Management in real time (e.g. tie line regulation, frequency support, 
interchange scheduling management, security constrained dispatch transmission 
slstem operation system emergency management) 

Capacity Management (e.g. capacity management operating reserve management and 
scheduling, outage coordiiation) 

.Voltage Suppon -- 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 
lnalntaining 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 contingent).. Operating 
resen-es include spinning reserve (10 minute and :0 minute), operating resen-e. and 10 minute 
non-synchronous reserves. 

.Black Start  Capability -- Generators that can stan ~ i t h o u t  an esternal power supply and are 
a~nilable for system restoration. 



So You Want To Play The Market ? 
~~ ~ 

Operating Reserves 
- 10 Minute Spinning Reserve 
- 10 Minute Non-Synchronous Reserve 

i I 
1 - 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. 

.I0 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 N Y S  
Power System and can respond to instructions to change output level 
within 10 minutes Resources must be under NYISO operational control 

010 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. 



I 
Hour 

1 

i I ~ ~. i -.-i----------------- 
New England IS0 i -~~~ 

H o u r i ~ S ~ t e m  Load- 
I 
i July 1999 

I 
For NEISO, July 1999 was unusually warm. July 5 was the hottest day in 40 
years. 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 

I (2 1,406 W). 

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 

I lviW 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 

I 
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. 
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New England iSO Prices . . ..-. . . - . 1 . .  

10 Minute Spinning Reserve i 
. ~ .~ ~ i____...--~ I 
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Prices reached $966/MWh on 6 July at 16:OO. 

Prices reached $570/MWh on 16 July at 16:OO 
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New Enaland I S 0  Prices ! 

................ ION invte 
July 1999 

10 Min NSR prices were significantly less than TMSR for comparable hours. 

*The maximum value for TMNSR was SS145MVh on 5 July at 19:OO. 

Generally speaking. the scale of price volatility with NSR does not match that 
observed with TMSR 



New England IS0  Prices 
3 M n u t e - B p e r a t i n g R e s e w e -  i-_ 

July 1999 

Hour 

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. 



.. . , ,, . .. 
' I  How Do-I Do This'? . . ,  ... 

I ~~ ~ .~ - 
~ ~ 

, Market Participants / Market Mechanisms 

I 
- MIS 

I - Bidding  

I - Meter ing  

1 - Execution 

1 - Set t lement  
I 

.A Market Panicipant for Ancillary Services in New England is a party who purchases 
Operating Reserves (TMSR, TMNSS 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 include the systems, procedures. protocols. 
and practices of the market in the I S 0  framework. This includes the bidding process. metering 
and billing, and the execution and settlement of the transaction -- In some cases the I S 0  
executes the transaction (e.g. through direct control of generating resources), in others the 
market participant does (interruptible loads. generation). 



. .  .. . . ~  .. .How.Do I Do This ? ... , .. . . . . .. . . . , . 

/ Ancillary Services - Operating Reserves I 
I 

- 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 soinning Reserve -- Considered an operating reserve service - - 
that provides backup generation in the event of a major generating 
resource failure. Resources must be alreadv svnchronized to the NYS 

< ,  

Power System and can respond to instructions to change output level 
within 10 minutes. Resources must be under M S O  operational control 

10 Min  on-~~nchronous Reserve -- Operatihg reserves that can be 
started, synchronized and loaded within 10 minutes. 

~ 3 0  Min Operating Reserve -- Reserves the respond to instructions to 
change output energy within 30 minutes. 



I ~ 
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! 
Are the Markets Working ? 

I 
- Buyers and sellers coming together 

i - 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. 



- 

Or Not?  
- Long Term Capacity 

-+- 
- Long Term Reliability 

The role of ancillary services in power markets is to promote reliableand 
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 ofthese ways will be the most efficient? 

Time will tell. 
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New England IS0  Prices 
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New England IS0 Prices 
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New England IS0 Prices 
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