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*:sk“

- BE G P HF AR E AR B RS 8 5 PIM
g * UDS(Unit Dispatch System)#73& it cn LMP Ff iz Efrid o8 2 - 35 5 &
S AT PR R IRIR AT 2 Sl € 2 R o 3 TS R L PR RIS
FHOPIM ERFBGF T E S A R 0 A4 R DR
¥ e ek iR B 2 (Merit Order Price) > 3 4% B3t H PRI e R B IRE R

fet B FIP T B E A A B ek i AGC IRFFehin e £ o AW fRenip e
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Pogbfs - SR E(TERBER G RER P e)DERIRER § R TS AR
7% 1 #% (Regulation Market Clearing Price » fj & RMCP) o LSE # & &%

TREL AN AID FREDIRIE RS e B B A RS 0

RS-l ARFEEFRTFE
GRGEER @ p 7R EDHIET S 550 RMCP @54 » &
W PIMIE ¥ 2 T PRAR 05 T 18w ] 2% RMCP & (3f ff + T pF et & & )
AL F RAY AMIRIDLSE “74 Hhf * 5 RMCPHE %K s ¢
F A(RMCP & & 3£ e300 )+ Fleade 4 4k AR IRIZATA 4 chhJor & & o

B ORE i SO S PR R0 PIM PR f k- R BT - 304 i 1 g

Bl o Flt BB PIM 44 % st e g 3 R E o PR LT e B X 24 ) PFEA =
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SO PEE > A W E_5:00~24 1 00 chv % pEE(ZLE pEEO)e 00 00~5 : 00
R (B PR LR R R R kg f AR
e 11%: 8 0 & PR A AR B % S LR SRR o

5.2.2 PIM 4 il iF

BB PIM g2 413 B § ARG 0 TR & B LSE Mix s

(DFE ALy DF TP EREAR -
RQEFEEI LML Z AL E -
(Q)EEAAE ™ FpE AHFIRIE o
WA AT F R A PRI AR AT 4o T
1323
FHEE AGC PR EF T > L/ @i p - T HIEFE P n
FH o WA B 100 2 A/MWh - 28R B EHEE P 24 ] G 2k &
T2 600 FHAAEY o a5t T AGC JRIF S B R KT B

£k

(2)2 E & F AGC #2413k % » 2 i #Jc EMS % £ ch AGC #7413 55 -
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Weg M4 T AT BED PIMEFF P 3T 54 RIS e ¥
BB AT ARG

FORLFFL A F LRI ARIPLIAIRE(S ST AT

PORERARZR)FLRETARFE AMFEL T L

FRATUAES 2 A(EEP)IzE@ [ pF 60 S48 RSB P

\
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DRZEEDPFADAET FR L o RA o GEAMED Fe SRR AR
fh e e A i o PIMRTO 5 6 4r

(D4 fed ¥ * g2 27 % o

Qe iid f FARCIAITH o

@R AR ENS AR FAEE ] BN o

Aok R - F T EF YRR ETEN EIRIAR B R AR 0 P
Hbm g 3 &y ses 544 %Eﬁlfjﬁiﬁ PTRHG 0 TR e b BT

Mg s gm T o »Ed B 2 i%iE Two Settlement * = F & 3% 2 4p
B s d d S AT R AR B - 260 12100
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2~ Hd
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Other PJM
Systems

P.JM Load Forecast
Hydro Schedules

Reserve Hequitements.

Settlements
1 5-2 A2 T AR
DA F N FAER heT

HEL FEE - F R g A

F_‘L

poae 27 F A R A#H L > {1 * SPREGO(Spinning and
Regulation Optimizer)#iz #1295 UDS (Unit Dispatch System)#t #&-:& #& p 38 i

PRI E P G LMP P EE - F R g XA BB

e xA=LMP—i £}
ek fple S p FAR O RIAPBESAL 00

¥ A2 B 2 BOiRE A § 1 (Merit Order Price)
LBEEE - F RS g A FEE AR E i T
CHET T ALY, i
%2 3 SPREGO #-5 - #F T e B Brg A #2 Fa7) > ket
AGC FRis el o e & o
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WA A EEARFELfeopled g B REA ﬁ;f LA AR R
. RMCP(Regulation Marginal Clearing Price) -

# 25 PIM #-= | g RMCP 2 # % User Interface + -

523 I FiE AR RGP

M= Bk B AR PR AR i}?‘u‘)}g WAE D 3 ASH 2 8 g R s Y

\\\?{r

BRI RIE 0 B VE TR AR A R B BN 2

o}

Wi B F e LMP £ F3 o 4ok 51 41% o 1345 p i £ % B LMP 2
A e BRI H RS ANRI O § 3 Adod 52 40 TR
BB FeRap AR REPE S AU G 0 BB e
FHEEWE S AP T HEBERER > 4ok 53977 S R A B ek B
BREEFARRAE S IEEARAEFTE > 4rk 54 5T o 4 PIM #7F 2
AWE R L 20MW > RIFRdE 4 5-3 5|2 e BAF~ G~ C REF R L
FE OBECIABESEOPE > HEEH O F A/MWH)T 5 347 3
A% RMCP > & 82T T2 AMIRIEF * 4ok 5-5 #77] o F4e PIM #73
ZAMEFEH AL 5MW . EEREABRFE NP iZB-F-G-C-E-
AZ Gl B e AERBEENRE e AZ KRR
£ AIMWH)i® 5 3483 350 12 RMCP > & 48 ke 97 19 20 A PRIR 5 % 4

% 5-6 #77] o
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251 ek e p wa £ Bk

we | xg AWEER | BAEEY | L REF | L FFLMP

(MW) (2 ~IMW) | (£ 2/MW) | (£ =/MW)
A Gl 10 2 13 22
B |p AR 5 0 20 22
C Gl 7 5 19 22
D Gl 8 5 14 22
E G 3 3 15 22
F | p AR 4 0 19 22
G G 5 3 18 22
H v 10 3 9 22

%52 {1 f 1 22 LOC=LMP - £ 3F

PR R g A

_wmpe | wwmy | aesy e TETE
e SR (MW) | (£ 2/IMW) | (£ 2/MW) | (£ =2/MW) ’LOC
(% ~/MW)
A ¥ 10 2 13 ” 5
B pERR 5 0 20 29 0
C i 7 5 19 2 3
D i 8 5 7 2 .
E i 3 3 15 2 =
F | AFAR 4 0 19 2 0
G o 5 3 18 ” .
H ¥ 10 3 9 2 3
% 5-33 8 BB A
‘ BE R
pu| g |PEEER)AMER Yloc g;g
(MW) | =) | =
A o % 10 2 9 1
B P AR 5 0 0
C o 7 5 3
D o 8 5 3 13
E O 3 3 7 10
F pERR 4 0 0
G i 5 3 4
H - % 10 3 13 16
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3 5-4 BB B R A

i = AAEEE &iﬁ.“’ﬁﬁ.fﬁ’}% R ANEE
(MW) (% ~IMW) (MW)
B pPERAR 5) 0 5
F piAR 4 0 9
G ¥ H 5 7 14
C ¥ H 7 8 21
E R 3 10 24
A v H 10 11 34
D R 8 13 42
H v 10 16 52

%55 AMEFRG TG 20MW o &8 ik (72 HEFRIEF ¥

o RREE HEAEFE | ARBFH
i AR
(MW) (MW) 1z~ (MW)
B pEAR 5 5 40
F pEAR 4 4 24
G ¥R 5 5 40
C ¥R 7 6 48

Fer A F 0 % RMCP & 8 2 ~/MWH

56 A FEF RS 26MW > & i e T 8 2 AR PRARF ¥

e e AAEEE EEAMEFTE | IR
(MW) (MW) ¥z~ (MW)
B piEAR 5 5 55
F PR A 4 4 44
G R 5 5 55
C G 7 7 77
E ¥ 3 3 33
A ¥ 10 1 11

B RS F i RMCP & 11 2 ~/MWH

5.2.4 A
PIM 448 % € chie BRI £ 30MW> T i S "RIE it g 7 £ v

Feefrt1s MW # BIp 320h 3 & 1R & R o PIM B~ (8 a0 47 3 24 PRAR 2 IR it 4
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B A PIM A %A S FOoPIM BB - B T e AR A (F FE TR 6
&#ﬁk%nﬁwﬁﬁWQmé@f,ug_§qrA%ﬁ%$ R o TE

grAEnT LR RIET RSB 5 A aORREE AT E

E’ﬁo
YA A G R g A E £ R A PIM B & R ISMW
FIFE > PIM 33 B R €548 3685 — [ 588 I 4 Jo o933 4 3 B 4 4o LSE(#

2B TH)TAEE BPA AR Y v > AGC Z3Ld PIM EMS i 5Lp 3 2 B H %
AERP W ERARYP L TAFRETARFTE - BT E b
o R FMFNTE OCPIMARAREITARABF E B LPIM iz &8
S AR R (E1SMW g ) o { RTIS P AR B B A e 3R R e
FTARY S o B HG T ET PIM o R L TR R R
e eird & 5J:H o

B AR NS A (S PIM AR FARIRE L p AT 18
EAFFRAORL ek R - SRR TR FERN O PIM A R

Rog#7 end gy € 4 ey

i

Hu e mEEFMas Rt o p
(FISMW = 2 ) o PIM & S8 A = & (& 45 Tl ¢ & A fois m e
PBHEER)DRHY > UEGHRGI NS RAREF R Aok B AT E
R2INA S EER Y PIM AR RpF S PIM B R R T BB E R

BEHEAREHL e o
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QirEk B FEEATAF PIM BARR MR HFELTE FARY w5 -

PIM & f Bk f 4o

&

WEHFEA RS ER Al 5 BETIR PR FARY SRR R

o

37 AGC 442 e 4 % &

»
Pl

\\\?{r
\v

Q%&52Fe PMBRREFEAAFFENE - N PIMARRE
Ao Fe R R
BPIM LR 2 FAMEEREHLE PMEE 7 e s PIM SR 48 &
PR VAR EAIRAE > § 0 e Pl T MR R MR X
T A eMKT #rH#-2 2 B 5% 5% 2
(4)#rF PIM = R 2 Bengag 2 2 R f v L 5 B 7335 eMKT
g i S
G)e s> et Eo FlE e e fEd- ke § 2 4% eMKT
FAFX A v T F 2 B e 0§ 2 ) eMKT AR
525PIM AW Fihg ¥

ABREI- BRIrE Rty o d FET S RERBTEFIEFP LSE S
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TAFRAMEFE c AMIRIEF -5 ik s - B LSE &7 Sy A5 £
1 HEFREE D F ) FORMIRIEF =5 ] PR RMCPXELR 03 4 7 £
+RMCP 2 b sz ket ¢ & A A b +H 5 fads 103k A PRI e fe 2
Adew £ AF A PIM R BT IRBRE T A RS FAR SR ED
AEPRAR 0¥ fe o f (723 B M PRAE S 8 2 dF V=RMCPx{8 2 f (733 B 03 4
FEOREREMPIRIF AP L2 FPE T IS F R P 2k F

(L)RMCPx A fie crid 48 % £

Qi xmfes E+TrpEas ¢ & A
53 X% 4 7 Fengf B4 JR7E

e T 4 P PRk 6 My e JRI3[2] ~ [10]-[14] ~ [20] > & w] A

(1) & 52340 ~ 241403 & (Scheduling System Control & Dispatch)

(2) 7 & & ## (Voltage Support)

() p &% 7 #4 2 4f F R (AGC, Regulation & Frequency Response )

(4)5c £ #* T ff=(Energy Imbalance)

(5) # # % & (Operating Reserve)

(6) > 2. k<% (Black Start) -

Ik

e > FEFTE - PEF TRV ZMEFERS TH BRI 3 B
(Market-Based):& ## » H & 4 38 PRF3 1™ 2R g * 18 2L ;2 (Cost-based) & & i+ »

MR RS R B F T A S PR PRI A BT
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SRE A A G

531 & * &+ ¥
EHNTAPFRFEFTELS Z 0 4B

(1) 10 » 45 > 4 & 4 % £ (10 Minute Spinning Reserve) : & it & 10 » 4 # &
RN EE Y Pk o

(2) 10 4~ 452>z 3 & # % & (10 Minute Non-Spinning Reserve) : ¢ it & 10 4 45
= ANER e SETE LR SRR

(3) 30 4 45 #% # % £ (30 Minute Reserve) : ¥ 1 d 3B ¢ s e & K 3 5 el
PP 30 AP HEFESER NS o

HZBREFERL A B HE T LG EAREE S A 2R B

BALP BB ZAEF EE oL nis g 2k o 10 A 4 i
Eehipg s A Tmd i 10082l G @7 b g §+ 20100
Rk SN

P 1SO $H 5 B en® 407 71428 1800MW » £ ¥ 3 > G00MW
SR L I0AEEEETE 048R EEETE D 1200MW » @ 30 4 48
%% B E 5 7 426 600MW > 4o 5-3 #7 o

3R 4 AR rd e e 9P ok FenT PR DT

=

Bodo v Fpk 1 P R E B ISO RO E £ R R

=5

B HREOEEEEE R Aok 57 957 > 124 1S0 $24] F 2 (NYCA) B
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S TRESE T FE 1200MW 2 F i F & Rehg T ik BB NYCA o

FEFEE 4o

NYCA Operating Reserve

NYCA Operating Reserve
Requirements

Requirements

30 Min

10 Min Sync 30 Min
600 MW

800 MW 600 MW

10 Min Total
1200 MW

P L

10 Min Non-Sync
\ 600 MW ’

B 53 T3 FFEFEDLFRT

(1) 10 » 453 % #& % £ : 1395 TNYS RC Operating Reliability Rules ; =
P10 A4 A EL R AN AEN 10 AR HES R
50% > 7 10 » 45 3c g & & 5 £ 1 ° 600MW -

: 1245 TNYS RC Operating Reliability Rules 5 4

ERFNEAFTReNFRTF L T 104485

# i E £ 5 1200MW -

A;-‘—-

% £ 1 1345 TNYS RC Operating Reliability Rules y =4 2_ >

FES 00 A @z Em1o R T ~aAEFE

& % 1800MW -
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%57 RREERENE R

New York CA Eastern New York Long Island
A =most severe NYCA
operating capahility loss
(12008
10 Minute Spinning % A = BOOMW 104 A = 300MW 1/20 A = G0MW
Resemne
(1) L] (I
10 Minute Total A = 1200MW 1200MW 1110 A = 120MW
Resemne
1] (V) { VI )
30 Minute Reserve 152 A = 1800MW 1200MW 270-540MWY
(1 (V1) (1X)

.

VI,

VII.

WL

V.

NYCA 10-minute spinning reserve is equal to at least one-half of the 10-minute total
reserve. [NYS RC Operating Reliability Rules].

NYCA 10-minute total reserve is equal to the operating capability loss caused by the
most severe contingency under normal transfer conditions. [NYS RC Operating
Reliability Rules].
NYCA 30-minute total reserve is equal to one and one-half the 10-minute reserve
necessary to replace the operating capability loss caused by the most severe contingency
under normal transfer conditions. [NYS RC Operating Reliability Rules].
ENY 10-minute spinning reserve is based on the NERC requirement that operating
reserves should be dispersed throughout and shall consider the effective use of such in
an emergency, time to be effective, transmission limitations, and local area requirements.
[NERC OP1]
ENY 10-minute total reserve is based on Reliability Rules that require immediate
measures (activation of ENY 10-minute reserves) be applied to bring loadings on an
internal MY transfer interface to within limits in 15 minutes. [NYS RC Operating Reliability
Rules].
ENY 30-minute total reserve is based on the NERC requiremeant that operating reserves
should be dispersed throughout and shall consider the effective use of such in an
emergency, time to be effective, transmission limitations, and local area requirements.
[NERC OP1]
LI 10-minute spinning reserve is based on the NERC requirement that operating
resarves should be dispersed throughout and shall consider the effective use of such in
an emergency, time to be effective, transmission limitations, and local area
requirements. [NERC OP1]
LI 10-minute total reserve is based on the NERC requirement that operating reserves
should be dispersed throughout and shall consider the effective use of such in an
emergency, time to be effective, transmission limitations, and local area requirements.
[NERC OP1]

LI 30-minute total reserve is based on |50 Reliability Rules that require the ability to
restore a transmission circuit loading to Mormal Operating Criteria within 30 minutes of the

cantingency. The LI 30-minute reserve requirement will vary from 270MW for off-peak
hours to 540MW for on-peak hours. [NYS RC Reliability Rules]
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B LIS T g R R

(1) 10 M 4a 5 F &% £ :TNERCOPL, cruzik > # 3 B A ©
@T R RS B R BEIU2 R R RS FR R

% TNERCOPLl,; th& £ » 2 gV {3y Fen 10 AT ES
NE AT W e FE TR EN 25% 0 T 10 AaEEFETE S
300MW -

19 TNYS RC Operating Reliability Rules j 3
To0ABREEFERFINEAFIPeNTFLEIE TI0L488
()30 ~4ah &% £ 1 1395 TNERCOPL, eh& f > & W L 3% % 130

MR L 1200MW

R R & %”zi‘ﬁ%ﬁﬁ‘@ﬁmﬂ £ H£32FF - 49
$i TNERC OP1, & £ 5 £ § 3 Fen 10 A4 % 5 £ 520 %+

FLWeNFLTFED%N > TI0, & @R &% £ 5 60MW -

(2) 10 » 454 % # % £ * 145 TNYS RC Operating Reliability Rules j 3

(‘ﬂ}
2
&
DN

GE R ERENEAF R W eF R T EH10% T 10

FEREREE LS 120MW -
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(3) 30 ~ 45.# # 7 £ 1245 TNY-1SO Reliability Rules ; 1& > 30 4 45 #
(>
W Edp b AR E R 2 B304 P PRI T R F AT b

b R 30 A 4K R 5 27T0MW( 3% pE

o

EEE
£)~540MW( 24 9 pFE) o
e AEE A G ks w10 24 H i F £ 0k 8 1000MW( e F
35 300MW 0 10 4 3 £) B &y £ & 445 Eastern
Requirement o & 2002 # 2 % » & 3% 10 A 456 & % & :H8 £F_1200MW > 7
Z NY-ISO 2 ISONE 2= FEZEL,ZTZ  # 102G EFEF A
% 5 1000MWod & § frie 4| %38 cnd #3040 2 F 4] & 17 NY-ISO
R ET - e EEEE R 20 60MW h 10 A E R 0 20
120MW 10 A 488 % 5 £ 0 1 BA0MW it & 35 £ (¢ 45 10 4 48c

30*40\&3—')/\) /El{—"— L% o(l',l_lf 311?%15_4;1%]5'5’5’%7‘[“ .

Locational Nested Reserve Requirements for
Total Reserve

NYCA 1800 MW

Eastern NY
1000 MW

LI

B 54 » %130 4454 73 £ a8 R
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Locational Nested Reserve Requirements
for 10 Minute Spin

NYCA 600 MW

Eastern NY
300 MW

Bl 55 ¥ FMnl0rsaE R & nE R

2001 # 10 * > NY-ISO 145 # # % € & 458 > 372 U b

\\3
i

e

HAOFREFEER R NY-ISOF 2420 %% - BHR* 5 Ly D
FRGHANAT ©o AEFERRAENT I b KL § 2 B0
frE B iBIE AFT F,z%if‘ﬁﬁéﬁﬁﬁmﬂﬁ'%g TR E FELT AR

B R EE AR TR R E BT AR PR TR F

5.3.2AGC # 3
AGC # (e p cnf 585 20 B % S0l 0 Tt > A NY-I1SO #5241 & 88 ehix ®
S 2EPEE AGC PRS- o4pk > FI B EH 3 £ 3573 F > AGC # 33
BRSBTS o H - SF DA T R e
AGC 3 28d # & 5 A&z pafgsfteendd i > » ¥ H A g 5

(MW/Min)x5(Min) 4 7= = gt #t » AGC #22 it J9 3|2 2 Pk - 2
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ARG e 1 R p S i IR E e B 1%
533 # 7% €7 #ic AGC # 2 B "

2 e A R 10 A dE e g o i F E PRAR2 ¢t o A NY-1SO 4524

FPREOEZERAETIF B AR RFGRFL ELRARQET G A0
BB TE T BRI B RIDAE R Ren2 Bt ) B 30 44 H
S ERY FAZE T $1230%; LR H Reh 10 AR B

ERATEZ K 160% ; AGC o 10 » 4 A 3 B P Ak BT R

100%~170% -

= 2300 13000
=
-
= Average
E 2000 Capability 12000 s
] -
S T
£ 1500 - ooon 2
= Average =
S 1000 - o Offer - 6000
= =
= : =
2 500 - | Approximate L3000 =
= — Demand \
=
114
-
= 0 0

.- ] .- - .- —_ .- - B

TE Z=|TE == e & == TE ==

= | E2 T =z - = -

10 Min Spin* | 10 Min Nspin* Regulation 30 Min Reserves

*Eastern side of the Central-East Interface only
B 5-6 #f p4 JRIF B B 4 2 R E R

i e R A I F R SR R BT ok
% (> 4o 5-7 #t7 2002~2003 & & 9T 4 B HHE L AR P RIS A g1
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B35 0 4o@l 5-8 7 2001~2003 &£/ 9T 4 F FHE AEFEF ORI
A0 2001 B R R R AR ERBPGT R AER - 4 R

_rﬂfé."l"f})%f%!;:

1

O30-Mmnte Feserves
O10-Mmute NS Reserves
3505 B 10-Minute Spinning Reserves

EVoltage Support

3.0% -——~I— ORegulation
2.5% - ﬁ_it

1.0%

{as a Percentage of Total Market Expenses)

0.5%

0.0%

Jan
Feb
Jan
Feh

Apr

June

May

Mar

Bl 5-72002~2003 & = )% 4 B HHLE & s BIRAR A g i T

1.0%

(as a Percentage of Total Market Expenses)

0.0%
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(1)NY-ISO 4= ISO-NE £ = 1§ #&

mi% ¥ i3 5L o

(3)T 7 H3= i (BME)CA st - i

S T AL EERIE

& f#Er1p 1200MW 2 %

Svmifﬁ{;

-1\\

FEAL R R

v

"=

1000MW -
) sk ) FOEERvS ] il FO R

R I 4 W U SR

'L‘
U

@4 30 A4b G E L P

A
S

2.5% %30
i [ Percent of NYISO Expenses ﬁ T 345
i; 2 0% {=—Average Regulation Prices N $40
ML gt
,.';: 1.5% / \I H i $30 &
:; ] /\,/\_/ \/ T $2 ;3
3 Lo ol - UL 600 &
"I / s20 §
E A - $15 =
5 0.5% A AL i L 0
& - 77— 8
¢ il
0.0% 1 ul 50
F’ﬁzi‘if“' "',’i" éﬁéi‘f—‘fji,ﬂi‘ﬁf,éi :—"_.;4:i —'_,w ;*j
SEEEZERERCER FEERREEEACE R FEERERS
2001 2002
Bl 59 XT3 FpE AGC = Afc AGC # - 11F# # 3 # 4%

4o 5-9 7 % 2001~2003 & &4 ¢

A 3 A% AGC 1 HRE

$v BME % 2002 # 5 7 ch— 5 s

4% B Y AGC = ~4c AGC 7 31
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0 AGC T rLerdd] 0 B B A bl i PR 0 TR R MY s i
AGCii+ kP @ AGC A Ef ™A% 4k - AGC i H AR 5
b A AR R TR AGC 47 B2 o PR hiE 0 2 i o
53.4 #3]% chg % £ 4o AGC + ¥

NY-ISO i * Trpiza B 4% 4(RTS) > # B % % £4- AGC © #-% 4 B <

Rl oA EA PR S TED F LA B H ko AGC IR K

TE UL B A T ATED BE T Y AGC 3 R0 AR R
PR E R R AR B0 HER T g R A B AGC th% % 1

gRLE TR EATECE I SR R R TR A ARt A A R
PR RIRIAR B F B RD ARG L EE o PR Y S TR R A
PoR@yEd FieTrEd @7 €73 S0 Up L i A5 50
FWe o I 2w o) a3 fa(shadow price) > e F s g S A i
FREIIEG R - P g 2 2 FARBEEPR DR IR A RFTERG
.

* AR =R E RPN R T EX(RET F NG R

%
% B U (4o B 5-10 7m0 B NY-ISO #4] B s cnif 5 B & & - L3004 #
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FREERUGNH T BT R G R0 AT LG Rl e
Reserve Requirements are Locational

3 Locations 3 Products

ure
-*x%@ o o

» West of Central East
» East of Central East
+ Long Island 10 Minute Spin
10-Minute Mon-Synch
30-Minute 53

B 5-109 i & & % & "L

:ﬁé%%@ag’ﬁb;ﬁmusaﬂﬁﬁﬁﬁméﬁ’—kﬁﬁﬁﬂgﬁ:
FEEDFHEEERE O RLGT AR ARF T ROTRELL R0
FoR pRFETEEYTEENTG R > Ated “f%mﬁ* BT bk
ETFEFRMBE ARG EE AR FEOF R 50 R A SRR
G BT T R NY-ISO 1 4550 - ke 3 & Fl bt %5

SR R R R T 0 B - AR F e s L
(T Ar3) LR T) o e NY-ISO 241 T B T (Fenf AR - £ 72 Lir f £+ £

BEMNFEOERE D MAa FRAENFT A A - AR E 4o NY-1SO 2

- fE LR o Bf % € 5 & % (Emergency Demand Response Program - f§ fi-
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EDRP)fr# 7% 3 /R = % (Special Case Resource Program » # #- SCR)&_# i & 7
B fAEhik o %4 EDRP c% = 5 JF f 42 & NY-ISO i &vis ch 2 | B p p 7 4]
- 2R ;“ » 3% 2 3w L E R 500 £ A /MWh a1 0 F R F gl
% Max(500 % ~/MWh » g £ 34 % %) 5 %4 SCR 0% = » NY-ISO ¢
- A SHEEE Y 2R AHEREF R 2 R - T E
gzt 2 @ Rla i 5 500 % ~/MWh -

Bf S B F B R NIRRT 0 B 2 Rk andl v BUR S S AR R 2
MrTELEY BETE  ETAHF IR DLARRE LA RFETH -

FPERAEFIIRTARFEL O FABETEY AR RN LT
iR 10,8 EF PR T EEFOTH 0 p B @3 5 1000 £
~MWh( i 1 *2) o
54 372 a7 HF
541 & % # B4 PRFET F-Pif

S

FrERET AP B £ T A BINA3] ~ [10]-[14] ~ [17] ~ [20] :

(1) &7 F

(2) A &% T 4x41(AGC)

(3) 10 4~ 45 ¢ % # % £ (f§ 4= TMSR)
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AL HE TR T 0 RARF LRI R FRIBLLLF A0 LI

PR IE A TR D oA S DA - A o AR ERHPREY T E A
BRRAAETRYBRE FAEEAT R o 2o A AT RES LB AT
BB HE o 2 AE R Fla BEA R F T E LD

i % i A% (Department of Energy, DOE) 2006 = * 4% 3F £ R & ¢
F2005# it iz %3k 4 5,7 M % € F & (Demand Response) e % _& 4 F

I Changes in electric usage by end-use customers from their normal consumption

patterns in response to changes in the price of electricity over time, or to incentive
payments designed to induce lower electricity use at times of high wholesale

market prices or when system reliability is jeopardized. ; [6]
3P > Demand Responsef ¥t i 2 BB 5 cnfp i (75 - @ ¥ 3013

My DREAF S ARG BB o b7 B B R T
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* oAy %ﬁf\ﬁ %22 Demand Response Programjg > * & & » 4ot T ] 2 e
MBLAFRHRIEZPITH IR ERETS 2PHF EF BOHR>ER
Bl s o BsE e R 3 T R R 5 - R
U AR A SRR AT x B F 0 4 AR RR § s
3% % Demand Response Program&_H s if- % 3i% > 2 hHE & 1 & o
6.2 & F Rehfbdg

Demand Response @ H %-¢2 5 ¥ j& ¥ 2 4 o & 3 > ¥ &~ 5 @ B3
(Incentive-based demand response)£2 p& & 7 & 3| (Time-based rates) ; 4r ik i sid
PSR RV i & 7AA) (Market-based pricing : Economical program) 2
”f % 7] (Reliability-driven : Emergency program) - + — f& #g 1| 35848 7 Ip 3]
= 74 [6]-[9] ~ [21]-[25] 5 f& 74T
29 ol (Incentive-based demand response) :

(1) 4 ¢ §*4241(Direct load control)

(2) ¥ iz 7 4 (Interruptible/curtailable rates)

(3) % & & £ ¥ w = % (Demand bidding/buyback programs)

(4) ”f % & F &= % (Emergency demand response programs)

(5) % & # ¥ > % (Capacity market programs)

(6) #f 24 JRFx7 H— % (Ancillary-services market programs)

F % & 3] (Time-based rates) :
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(1) B & 4| (Time-of-use)
(2) = & % % 2] (Critical-peak pricing)
(3) T % % 2l (Real-time pricing)
A & W 37 (Market-based pricing : Economical program) :
(1) =R % % 21 (Time-of-use pricing)
(2) T % 2l (Real-time pricing)
(3) & & #1&7|(Demand bidding)
”f % 7| (Reliability-driven : Emergency program) :
(1) ¥ i= 7 + (Interruptible rates)
(2) 4% § §*43241(Direct demand control)
(3) # A3 (Voluntary)
6.3 FEH Z &£ F B

% TP PR T Ao FIRE T M EE X gL 2t F R F BT Y

9

R HEEETA BT hd kS £ Bk ah 1195 £ B R%(DOE)
2006 # = 7 % AR R ¢ 172005 # it iz xR g, TEF RIFY E 4o

6.3.1 %2 +1] £ (Participant Benefits) : (¥ £ *)

o

L

Ik

FHEEPBAFH LML HER ) VI ER g
oo >k $EEFHONEHHBIE 2T RAJIE  fifdeT

~ pAixsc ¥ (Financial benefits)
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¥ & B 22 F  (Reliability benefits)

CARBCRITR R S RIE 2L LR B E T S DE

AR Aol § & Mpd S8 5 p IR RF TG e d g2

6.3.2 # ¥ x suermc iy (Market and System Benefits) : (7 £ i)

GOREESEMIS A BT AR

\/\

$ 0 WA
1~ &= 7 H-8 Z(Short-term Market Impacts)
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2 ~ £ #p 7 H-egl ZF(Long-term Market Impacts)
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eh R RN EE AP FEAL YRR TES -

3~ & 4 & # 1 p4 52 2 A~ (Operational and Capital Cost Saving)

i@ A |~ f §49R4% 2 7 (Load Service Entity - f§ £ LSE) 2 fe

RaFmT > FEFBIREG RO WpETRT DN AN AT MR
TR

4~ s v f B gy (System Reliability Benefits)

it BE T A FABRR T NEY ZEF RR AL EY

e

R e L P T
6.3.3 % ¢t 3= ¥ (Additional Benefits Created by Demand Response):(# % & iv)

FEF BAEAonE 3 B B 0 HotFnd PR AR BB L PH A

1~ 3115k > % &3 HF(More robust retail markets)

2~ ga* = L epira & (Additional tools to manage customer load)
3~ k *& ¥ 47 (Risk Management)

4 ~ 7 HF# {7 »x 7 (Market performance benefits)

5-~mi ¥ &2 % &7 F(Linking wholesale and retail markets)

6 ~ ¥ A IR B %K 5 F (Possible environmental benefits)

1~EPRI: A 4c - v% i€ 2.5% 02 4% § FARAIG I N 24%f &R W hotE
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M 10% e f R R BT B S KK - X o (Taylor Moore,
“Energizing Customer Demand Response in California,” EPRI Journal
Summer 2001, 8.)

2~ ICF Consulting Study : 4=% #* = i j& {8 & % pFECePT 5L T

ﬁ“r’v’%ﬁr
* q:g;t P E E AT LG G E & A0 Rk suiE

g A o (ICF
Consulting, Economic Assessment of RTO Policy, prepared for FERC
February 2002)

6.4 $RET 4T Hehg EF Rt H)

6.41 % & F BT Mamme

1335 FERC & 4 3F & (FERC Survey)[6l4g 1 2 R &+ % * = F &7 > %

y e 2 Lk T

e

e 1B

TEH 5 29655MW -~ ¥ 5 > % R 2006 £ L % AR
74392/MW 4% » &

# ¢ 11 RFC (Reliability First Region » #§ i RFC) % 3 caik

ks 0 85 24%0 2 = 5 MRO (Midwest Reliability Organization s i #- MRO)

% % SERC (SERC Reliability Corporation » # #- SERC) *

Tl oo Bk L
16%1’ "!1\-"?]61”!"?1;“*/? = _.E.. ﬁ:ﬁj"‘&% :’\'lé:fklvﬁljy?_.i
G LY 5 kR E 3% B B

T RE S &Nk > 30% - -

B 2 g2 EP20%FEY 2R E2FE D16% -

FezEF > %(2L&d ISO 2 RTO 4 i)+ 384~ % p Electricity

Reliability Council of Texas (ERCOT) ~ RFC % Northeast Power Coordinating
Council (NPCC) % 3 B %3 £33 91 50% %+ » @ ] ek A 5 MRO X ik
6% ~ SERC ¥ # it 5% ; # ERCOT~RFC~SERC £ ®%# > § 8 2 &£ F > %
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s i ]t TR ikt A s 5 80% ~ 55%% 49% -

1 ¥ 2 api® kp SERC 2 MRO & 3 %% » & SERC 2 MRO
ABERE D IEY 2 2L TR R EREDFELLE T TR DA
WG T3%% 57% o — 4k * 2 Rt F B F R 4k #4718 1000MW et
Fril* TR H%RHF FRCC-MRO 2 RFC £ %% » & FRCC % & - 4% # %

Wi b s prgl Y TR ik § it 58% -

B0OO
EWholesale
— O Other {Agriculture )
O Ind ustrial
8000 B Commercial
B Residential

:
_—
|

Potential Peak Reductions (MW)
:

ERCOT FRCC MRO MWPCC RFC SERC SPP WECC Other
Sowrce: FERC Swurvey
Waotes: Other reliability region includes Alaska and Hawadi
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3000 i H
S = _ B

Imvestar- Cooperative  Municipal  Curtallment Federal and ISOIRTO
Orwned Utility  Utility and  Utility and Service  State Utilities
Political Sub-  Municipal  Provider and
division Marketing Power
Authority Marketer

Sowrce: FERC Swrvey

B 6-2 FR* 7 £

\W

FRe™ b syl T8
FRAFEANZEF R ST 2 FAXE Y T F 3540 B 6-3

S*J-\

=

#7570 ¥ =% 4 (Interruptible/curtailable rates)# i % 7504MW » % ik > £ e
27% 0 A B g 21 EF S QR H 200 84% 5 B R E 4 f 4

(Direct load control) £ ¥ # i 6618MW » X ik > % 5124% > # 1 & chfsef 5

\’_D)

T 2 ibH 2 84% ; WERIA T X S FEFH TR T EE R

%ggz{?f?, BF > %551 84 ISO2 RTORKE Ra > BFF Y 33
FEFREDEFEHEFPRFI XM ITRA-TELRINEE 22 505%= ¢ -

2005 # > 2 MAsEPFRGEF R R ERAF O TR
B716MW » & %3 F R 7 £ BB &7 rd| T & a0t 2 4c ] 6-4 #for > o

B ERSELEE % L (1) 77 4 (Interruptible/curtailable rates) Bf%—,

FEF D %2 B4 4 f454(Direct load control) ¥ » @Ak S 4 ?ﬁ%'r%‘iﬁl
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=000

= EISO/RTO

OOther (Agriculture)
6000 1 EIndustrial 7
B Commerdial
4000 1+ B Residential _

2000 1

Potential Peak Reductions (MW)

Time-based

Incentive-based DR Programs
Tariffs

Sowrce; FERC Survey

63 A2 ®r =% “ A S T8

1995 FERC 2 43R+ (FERC Survey)® H & 4p i 7= 3 38 4 (EIA Form 861,
ISO/RTO demand response program evaluations) » ¥ iz % RIRLF 75 £ F B> %
foo d PRELA T 1L pk 37500MW f S RIF RS (24 2 PG KR 5
£ 3737IMW 4p § )0 %) 5 £ 1 2006 & § F § §497 & & 743927MW 5% =
IR 6-547T I L RHFRT ZEF RS m?f%/ﬁ(kﬁ’; ¥ 2006 # § %
X § AR A0v) o B¢ 2 MRO s A B K 5 20% 0 & NERC

i

SRR FRF BT RnTIFROES G L8 2006 & T F Ak f fen

3~7% > #H ¢ 12 RFC it > % 1 22%%. % » H=x 5 SERC it > % ¢21% -~ MRO
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Peak Redutions [MW)
&
]

2000

ERCOT FRCC MRO

NPCC

RFC

Source; FERC Survey
Wotes: (her reliability region includes Alaska and Hawaii

g] 6-4 2005 # %. ‘é’v&é&-’? xf_vl_ggg{‘ =

SERC SPP

WECC Other

B LT 4 T 8 ot )

10000
—_ B Wholesale
% O Other {Agriculture)
» 8000 ==  OlIndustrial 1
_5 B Commercial
2 6000 | EResidential
.=
)
o
® =
= 4000
o
=
‘5 2000 ~
D !
o
0 . .
ERCOT FRCC MRO NPCC RFC SERC SPP WECC Other
M | 3% | 7% | 20% | 6% | 4% | 5% | 4% | 4% | NA
Summer 2006
Peak Demand
Sowrce: FERC Survey
Motes: Other reliability region includes Alaska and Hawaii
B 6-5FERC 3 cnZ £ F B> % hx & ];E_g;m—g—[%)i
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IMW) o & 1 £EE#- ¥ BPFES FF > 2 f ApFs 39 B 3040
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LMP < 75US$/MWhp*

Payment = § ;‘ FEX(LMP-% & 7 i)
LMP > 75US$/MWh =

Payment =§ § £ x LMP

A SR > HH Y (LMP B4 E 8T )
IR F o PIM #g A HELho% 3 F w0 L f R B
R ENLSE 30 F B H 3% > M2 8 B LSE e §90 b
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%F 2 IEp @ p 12:00~20:00 FF TP LMP #-% 3 7875 £ ~ » 3§
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% LSE3 JcB~(£ =) 2.92

-80 -



643 (T A VHETEF RS &

BEORA Y BT EF R F o AR ?ﬁ%?ﬁ?i‘f; SRS
(Emergency Demand response program » # f EDRP) ~ 47k 3 R & % (ICAP

Special Case Resources Program - fj £ ICAP-SCR)% p %t 3 & F &= %
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FOREXP B DGR F M BT REF B Fan o doT 4 66 4

266 MERF B F R
- & P | ZER R U pER |V EER | BE 27
F& (AL 2 pEwi 204 Max(E®
it & 100kw K 223 oo W
EDRP s B W g
42
ICAP | /E < - pIE | AR EE | Max(3R ER S0
B3| 100kW | w02 ) pF | & BT | £ R
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B R FEIL G H (76 - B 6-6 5 2006 & 17 ~2007 & 1 7 FrERFE 4 B

%

LAGRF S A R .

5*3\

6A45ERCOT R+ # 3 2 ZEF B> %
#ERCOT L+ # 3¢ 3 =fAFEF k> % » %4 Voluntary Load
Response ~ Balancing Up Load (BUL) % Load Acting as a Resource (LaaR) - %<3

P 4o [19] ~ [25] -
(1) Voluntary Load Response
et ST R B RO ELS R D AR R

\\\?{r

R PET CERCOT # S WA L e il 5 d B p L g

Flb SFAe e 2 AREFH R TR 25 B e
(2) Balancing Up Load (BUL)
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(3) Load Acting as a Resource (LaaR)
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sl TR R tg 4 A H
Responsive T A&
Reserves ks
Non-Spinning R
MCPC 30 A48
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Replacement T, d o 2T S 5
REE - T~
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Regulation FHLHai R
Balancing Ener
J W MCPE
Markets
ERCOT 10 4 48 (2> 3F 4t
IDR %35 7 MCPC 4
BUL . T " * g
# MCPE 70 A (3N A G
%)
Retail
Volunt Load # REP &7 El tI i
oluntar 0a ectric
y RO _ MCPE LGRS
Response @ Provider
- (REP)
ooMC = OOMC #.%_| i OOMC . 7_
HRIR & ERCOT — ‘
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S kG Mo 4ot 69 977 o 2 ERCOT Ry # iz &7 (7K
2300MW > H ¢ e 50% 7 U d LaaR & & > d 32 & F B> 29 %20% 2
Voo Ea E gty R~ LaaR chiidk o & K ERCOT #& 3 #
WHEZ £d LaaR {5 £ o » d 3t LaaR F *5ch=t # > & ERCOT
TXRE2006EF47 17p s FEFEF DR
65 FRFELF BB F7)
135 F2005 & & it & o0& o 2RI =Na hE 414 R ¢ (Federal Energy
Regulation Commission » # #£ FERC)** 2006 # 8 * = = 1 T Assessment of
Demand Response & Advance Metering ; [6]: 43r2 » W2 NI EF B2 &

" ] e

Homaownar Wob Intarface

Bl 6-7 Ed4p4l* 2 h3a kA

- ~ #/#> 3| (Incentive-based demand response)

1~ 2 & § £*4524!(Direct load control)
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>% PG 234 RF 4 o #4217 Direct load control > % 5 i & 354
Fo2 i B R ALE R ks deB 6-7 2 B 6-8 1o o 2 ¢ 12 Florida Power

& Light e & 458~ >3+ 3 740570 * = 4 223% o @ «nDirect load control

N
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100 1 100
|
80 1 80 1 :
|
|
2 604 2 601 :
|
|
40 40 |
|
|
|
20 1 20 ‘
|
|
0 : : : 0 !
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DigLog Motel Energy Management System Provides Spinning Reserve

1. 80 room Howard Johnson motel
2. 1 minute revenue metering

3. Pager deployed spinning reserve
4. 34kW, 36% load drop in 1 minute

B 6-8 5 4 f fardl i my 2

2 ~ ¥ iz 3 4 (Interruptible/curtailable rates)
Demand Response 7 4 [ 4 ** 200kW(California)~3kW(American
Electric Power-Ohio) » %7 % = (/1 ¥ % = 5 4 ) A de)kdy £ p

30~604 4B (TR & 0 K & GHRIPNE L AT 0 FE N F o= e g

)

325 13, 1LAEP-Ohio & &) » 4 (7 5 % 7 942650/ /¥ - DR ¢

\
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1 FDR7 ¥ AZiES | BF o & X ] &0 - B ORFI5K 0 - &L A
1100 pF - *tspinning reserve ‘&4 ~ FERIE & LR R AZET78°F ‘épié?f
&% = CAISO7E 7 § 442 E43000MW P » d CAISO srpc® ; kb2
BT pF > DRz @& % pFERF A2 X P4

3~ %&£ & £F w > % (Demand bidding/buyback programs)

S N LAY R £ A T SRR
FOLEF B AR 0 F ARG 2F 5 % 2 @A o BT ihdk ) 4
ISO-NE:Real-Time Response Program » 2% = fie £ Ff L+ 1L o
G i H T S AR O o
4 ~ i REF EF &~ % (Emergency demand response programs)

FRAEDBAEF R EEE R LR TR ER R Rl S g

R EFLER S 2t FERF) > 002G fRl e §RL R
i\pﬂf ) b}jmﬁf I ugﬁﬁgjﬁ.gm % ¥ FEDRP » ¥ ’}f'%‘—.'g.ﬁa@

REDEPEFAREL D W AP T F FRF o ATRsIFES L
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Real Time Load, Prices, and Emergency Demand Response

New York State
""nl F1000 :
Jk/ \ sese &
E
) %33 &
g | et L B P e =SS S (N <
.
E 0 LR Emergency Eespons:
; N
|-
m =
-
&
E
B
g
4
# 12 1% 20 2 12 16 20 S 12 14 0
July 22 July 1 July 31
Sowrce: David Patton, Potomaz Economics
] 6-9 2002.07.30 NY-ISO & * EDRPU = SR iz TR R

5+ % &7 # > % (Capacity market programs)
FEDHEC RGPS N AAF A RE T AR 0 SR
ARG TR ARIFE P OF AR ) PR R REAL A

F) - 12 New York ISO«Special Case Resources program z ] » $-£2 % = 2

??

PR S 100kW o B B R R G4 PR REFD2]FEE T i
=X R PPN A 0 312003814 % 4 2T PF2Z 4R R iEAZY 0 NY ISOR
* A & AeiEfp R enPE R ¥ 22005# § % #0508 [ 5 1SO New England
BPIMA BFEL AR 2 g aiRE T B~E R e R e
FoOMELSF{ S RBNT A o A AR Y o @ 5 > Capacity market
program¥ AR % — ¥ F.F P T R o
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6 ~ # B4 pRF:T 32 % (Ancillary-services market programs)

Ed 2 AR RIA(F R E )P HY BB PT Mg e AR
W I s REFRT RIS Fenic 2R H - p o CAISO ~ ERCOT »
PIM ~NY ISO% ISO-NE#%& it 35— 2_& riDemand Responseig » v gy B4 R
i+ 3 > CAISOF & & 0 f 4% i& » Non-Spin Reserve -~ Replacement
Reserve 2 Supplemental Reserve® #- > H & < %22 0% = % California
Department of Water Resources(CDWR) ; ERCOT LaaR(Loads Acting as a
Resource) ¥ 14 #% 42 i 1800MW =7Responsive Reserve(f] * 14 7 Fé-
i£) > w012 fdeLaaRen® = & Faed f s BB 2 Ak e 4 T
w ERCOT = NY ISO% ISO-NE& & { #7#c48 2 fe & Demand Responsei& »
W Heng & o PIMP] 42006 1" o ;¢ & Demand Response™ # i 1%
Synchronized Reserve -
~ FERF % & 4] (Time-based rates)

1 pF ¥ 4] (Time-of-use > f§ 4 TOU)

TOU &4 2 P e PR BT > 7 54 5 2% TR 2 as T 0 4oR]
6-10 #7177 ¥ 5% — BB 1L en- A 2@ 2 TOU £ 4 4 1 Time-varying
rate > P AN T2 - S FRHID- T EFF NI o P FRE
PP ftEEE L AlhE £ 2 1 %% 2 4~ Time-of-use - 2 Puget Sound

Energy (PSE) = | » PSE % — winter-peaking utility » & § iz fcrsd T #§
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M rRenTEE s He gL R Hs e 75 e 0 24 2001 £ 6 2

B 4.4 *% Time-of-use »

ETTRS

Time-of-use » * = %o X FFE (10 am~5 p.m)F F % 5.8¢/KWh £ 2L =i 2

€7 Fpke > et = 6 am~10 am % &85 pm~9 p.m F FR|F i<
1.0¢/kWh » #* = # M PFE < {0 5~6%ht § & 0 % - E XY
S EE I SR
50
Time-of-Use
_ 41 Pricing
2 3
z 20- On-Peak
E " = ™
DN_—_—_—

12353456785 2WINIZIZ141516171819202]13222524
Heur al the day

Source: FERC, Staff Report “Assessment of Demand
Response & Advanced Metering

B 6-10 TOU = ~ g% T § chZ B 25

2 ~ 4% T i 2|(Critical-peak pricing » j 4& CPP)

® oS AT 4 0 £ 4 240000 B F 2 4

Critical-peak pricing 4B 6-11 #7177 > i ¥ 3t kAL 4 B P E s g

R PR A end S e LR T o B2 X CPP & Price-based = Demand

a

Response » e F]¥# 3% & 4L T AP gt S REFRST T LT AR

% Reliability-based 7 Demand Response » CPP * ¥ 4 % Fixed-period CPP ~

Variable-period CPP ~ Variable peak pricing % Critical peak rebates % 4 f& > 4=

L
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Critical Peak Critical Peak
_ 40+ Pricing —
=
% 30
izﬂ-
£

) _:-—y—-:
0 -

1234 567 8 91011121514151617 1819 2021 22 23 24
Hemr aof the day

Source: FERC, Staff Report “Assessment of Demand
Response & Advanced Metering

B 6-11 4% T 43 &F

(1) Fixed-period CPP (CPP-F)
R TR EEEUNE SR YLy e

ET @_3,,3;:_5% g%t1§fr.ﬁo é’i\.;‘l ﬁ,é’——??‘i‘ » CPP-F Z

Day-ahead Based » /g >t — % i &vig * o
(2) Variable-period CPP (CPP-V)
CPP-V enp# [ 2 p B35 ;2 3p L /& %_» CPP-V % Day-of Based » ** {2

x4 At 2 Wy CPP-V gRpESHpBEALFIERY > UK
J& Peak Price - 2 California Statewide Pricing Pilot % ] » E3 {7+ 4 /] pF

o 2 EMER L 25 o
(3) Variable peak pricing(VPP)
VPP :‘:ib — L ﬁt?’“]mcpp’ 2 LTI I%_I-‘NEW England i o ’ILi’—VPP ¢ 1%/5:

BREEAOTHAS AR -BRFEF > T a4 1B B! > XERFRS

[ EEenT i Rld 1SO % # 2 Day-Ahead & & i % i fo ik 20 Flp v T
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T A o VPP OB v L B linkk 21§ 87 HenE B2 -
(4) Critical peak rebates

ARy F o R ANEERRER S R 2T U EET
4= o Gulf Power, Florida »* 2000 £ = * B 4~ * GoodCents Select
program > 2001 # 7 2300 # Rpe* = %2 > 2003 £ Q|3 4 1 6000 B Rz
* =5 GulfPower # 37 H% #5323 A T 4fEF 53> 503 2Rk
e 23 B R o % GoodCents Select program =% = £ 7 &5 % 7 1MW o
Gulf Power 1| # pb = % 3% B K & cF3c S ~ TR K% § ;k s T b
KOS e (B R TRAS ) ehRTaE > 1 30 E B A A3 0 Gulf Power
Lg% 3500 F E gt g 2 FE 250 F A g @ aEy oo
3~ FpF g A (Real-time pricing - f§ & RTP)

4o 6-12 #777 > RTP e 508 85 Henff o6 > 7 18 Tpr s
Day-Ahead =13 if i # > £r Day-Ahead & i i # 5 fL 5 Day-Ahead Real-time
pricing (DA-RTP) - & = # 7% | 5= Georgia Power =7 Two-Part Real-Time
Pricing » 4o ] 6-13 #7151 > {35 * = 0% T Jodk > A W57 TAE 87 5 M pRE D

gk Fegs % 2 f g\ M P RUnIR A R B M R DY F R 0 A2 eh
IR R i W EET B35 o 1345 Government Accountability Office (GAO):3R
2 > Georgia Power % pt = &3t 04 BELF 0 TSOMW inf 43 K-+

DL AR AL L JRCE R p
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Real-Time

40 1 Pricing
E 30 4
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o 20
2
B
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0

1234567 891011121314151617 18 192021222324
Her af the day

Source: FERC, Staff Report “Assessment of Demand
Response & Advanced Metering

] 6-12 Real-Time Pricing Tariff

Credit for

Baseline energy
purchased at
on-peak tariff rate

off-peak tariff
rate

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 4
Time of Day

Source: Goldman, et al., Customer Strategies for Responding to Day-Ahead Market
Hourly Electricity Pricing, August 2005: LBNL-57128.

] 6-13 Two-part Real-Time Pricing Tariff

66FERC ZEF BB AL S
% WF=ta hg #14 R ¢ (Federal Energy Regulation Commission » #§ £
FERC)>* 2006 & 8 * % & [ Assessment of Demand Response & Advance

Metering 3% 4382 " %A AF L H 2 2 335 a4 WHEEFF AN E
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e
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2006 FERC Survey Response Rate
by Type of Entity

Grand Total 551%

IOUS = 90% Inwvestor Owmed
e e ———— 86%
e e e el R
R e —— o7

.. . . 589,

Municipal Maketing Authoriy |

Political Subdivision ﬁl!m"
Cooperadive I

Municipal 1%

Power Marketer 48%
CsP "

Source: David Kathan, FERC Staff Report on Demand Response and Advanced Metering, NARUC Energy Resources and
Environment Committee, November 13, 2006

93%

EDR = AMI

B6-14FERC Z £ F it 43F 2% > LT A M E ER L vy

- ~ #/#>3|(Incentive-based demand response)

13 FREC =924 % 33t £ /] 2005 & 4% =7 F= 4] 3¢ Incentive-based demand
response = & en{ E H P 4r& 6-10 #r7+ » H ¢ 12 Direct Load Control (DLC)#2
Interruptible / Curtailable Rates & 5 ¥ 2 > &~ %]} 234 72 218 %G ¥ # ¥t
% #873] 3% Incentive-based demand response * % - @ &3 TXU Energy Retail

7

Company LP 2 Ancillary Services * 3% & i o % #-4p B 303 F AL i it 4o ™
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% 6-102005 & % W& &35 £ F B2 F R a0
FEFRS R LI T hEn
AR A AE SR 234
(Direct load control)
v irg 4
(Interruptible/curtailable rates) 218
Bf EREFRS R o7
(Emergency demand response programs)
FEDH R 16
(Capacity market programs)
ZEERE w2 &
(Demand bidding/buyback programs) 18
Hf e PR AR B % )
(Ancillary-services market programs)

Source: FERC Survey
1~ E #& f #4524/ (Direct load control - f 4 DLC)

DLC %% W& %7 & * & A ;2 Incentive-based demand response -
2005 #3+5 234 R&E FHR B %—ﬁ/ﬁﬂ’* # %% DR-DLC ¢ & p &
Tz 4o a) 234 R %Y X 9F 30B%HT EL REF LY 21
- # DLC * % ;¢ ** MRO ¥ % ¢h% & “/ (Minnesota and lowa) & %t & f g

BB T ES R Y i SIS A PERSE JE L TR

ém

FREROFITUIFLIFEZEE 772 MRO ¥ % 24 % DLC 5
Frepe %oty 91 REFH/REDLC » %> ik 23Me39% 5 H = i
SERC 2 RFC & 1 40 % Z $£# > L k230 17% ; 4ok 1§ £ 0l
7445 Rl 3 119 7_Cooperative Utilities and Political Sub-divisions #

% 0 Xtk 23%e0 51% > B =t & B 52 Municipal Entities % Investor-Owned
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Utilities » 4 %5 62 7& 46 T 4Bl 6-15 #777 2 ¢ R/ &L & 445
H= & chiit A4 5 2005 £ 482 DLC ch* “#icp 5 476 5 = » A & &

% MRO ~FRCC~RFC~SERC 2 WECC % % » ¥ % & fick b 4
1,288,814 = ~ 1,213,851 = ~972,483 = ~589,170 = % 438,376 = ; 4-f 1/
T ¥ w2 7447 > B2 Investor-Owned Utilities 4-42 en% = dicd § > 345
3,130,908 = - ¥ ik 2% 66% > H {8 & B 5 @ Cooperative Utilities and
Political Sub-divisions % = # % 1,110,159 = - Municipal Entities s7# =
$ci: 132,409 = > 4@ 6-16 1o 5 & R T ¥ 2 42 Direct Load Control
(DLC)* = chitzs A 475 %80 % = fich % 10 ~ § %5 4o 6-11 #77

Gk 22 2 e 60% o

100
= 80
4
g2 60
E
3
5 ° b E
(8]
|
2 2
SR I = ] = =
ERCOT| FRCC | MRO | NPCC | RFC | SERC | SPP |WECC | Other
B Municipal Entities 2 1 33 9 5 6 2 4
B Investor-Owned Utilities 2 14 4 12 6 2 5 1
@ Federal and State Utilities 1 1 5
O Cooperative Utilities and 3 43 1 23 28 12 5
Political Sub-divisions
Bl >
B 6-15 % % ¥* #% & Direct Load Control (DLC) = % chg # 33t~ 47
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1400000

¥ 1200000
B
% 1000000
4
v 800000
(&)
|
[a) 600000
& 400000
e
ﬁ 200000
0 ! | p—
ERCOT| FRCC | MRO | NPCC | RFC | SERC SPP | WECC | Other
W Municipal Entities 48624 | 3079 | 39678 | 4904 1042 | 31828 2093 1161
B Investor-Owned Utilities 1142290| 468569 | 93067 |841731 (334551 | 17147 |231334 | 2219
@ Federal and State Utilities 347750 | 31887 7837
O Cooperative Utilities and Political 68482 432817 | 1500 |129710 (222791 | 29113 |204949 | 20797
Sub-divisions

B 6-16 % %3 T £ 2 422 Direct Load Control (DLC)* = gsii*t & 47

4. 6-11 %-¥7 Direct Load Control (DLC)* = #c# % eha 10 + 7 %

TE A AR A AR I S
Florida Power and Light 740570
Progress Energy Florida 401720
Detroit Edison 347750
Baltimore Gas and Electric 338568
Northern States Power 283317
Duke Power 207794
Southern California Edison 166318
Public Service Electric & Gas 119310
Dairyland Power Cooperative 112656
Sacramento Municipal Utility District 104079

Source: FERC Survey

2 ~ ¥ =7 4 (Interruptible/curtailable rates)
A Zad & pPHRA AT FEFEY 22000 £33 218RE F#K

ERTIE I SN I

i

B % 3§ ¥ % Cooperative Utilities and Political
Sub-division » 3+ 3 95%. A3 % i * #& 5 ch% ¥ 2 MRO ~ SERC% RFC*
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%o AW STROA3TE ORI FHE T 0 AeRBl6-17477 o

60
ﬁ 50
=
¢ o B
) 30 |
o
[ 20
2 L
acy
v 0 = H H
«bL
ERCOT| FRCC NPCC SERC WECC | Other
@ Municipal Entities 1 3 17 16 2 2 4 2
@ Investor-Owned Utilities 2 15 7 22 8 2 7 3
@ Federal and State Utilities 1 1 2 2 1
O Cooperative Utilities and 1 3 24 15 31 16 2 3
Political Sub-divisions
Bl 6-17 % % ¥ 4% & Interruptible/Curtailable Rates = % ehq % 42t 4 47
20
15
I ol
2
5

ERCOT | FRCC | MRO | NPCC | RFC | SERC | SPP |WECC | Other

O Capacity Programs 0 0 3 4 3 0 1 5
@ Demand Bidding 1 0 4 2 1 3 0
@ Emergency 0 0 4 15 3 0 0 5

B 6-18 & T ff i H }f):@vi] E b SRR L

H 22 ot % (Other Incentive-Based Demand Response)
4 [B] 6-18 #1 5+ & Capacity Programs ~ Demand Bidding/Buyback 2
Emergency Programs % DR« 3 % 4 * {35 > H ¢ 12 Emergency Programs 7

NPCCH % B % B 323 R e ® F ¥ (Utilities) ~ £ & * % (Retailers) 2
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Curtailment-Service Providers % 35 4 ¥7 ISO/RTO s-"Emergency Programs -

 PERF R 5 4] (Time-based rates)

95 FREC 934 4 33> £ K 2005 # 3% & TOU~ CCP & RTP % 7 & 3] 3¢
e Time-based rates demand response = % 2. 7§ £ #p 40 6-12 #7571 > B8 K 5
259 F i > % 2620 R i A w A et #c o # ¢ 12 TOU(Time-of-Used
Rates)® = 4 2 ()7 187 3) > 4r& £ 6-10 Fvt > ¥ F IR TOU 5 % = % 2
er1 demand response = % - @ =t 3+ Direct Load Control (DLC)# Interruptible /

Curtailable Rates o %< :#-4p B 513 T AL f§ 4o

% 6-12 H# 7 B A58 mfgﬁ;a% FATRF B k2 P EHP

REF R F EA I
Time-of-Use Rates 187
Real-time Pricing 47
Critical Peak Pricing o5

Source: FERC Survey

1~ p# ¥ 2] (Time-of-use > f§ # TOU)

w33 187 & F#& ik Time-of-Used Rates = % > 12 MRO -
SERC 2 WECC ¥ % ha ¥ 51 » 4955 40 %38 & 33 *& ¥ #
i TOU » H 53~ 474 6-19 #7157 » H ¥ 5 148 %2 ¥4 i TOU %
2 SEH > B30 RRE LM E TOU 2tz * 2 g% | 4 187 Fo
T ¥ o g ¥ (Publicly-owned utilities) 5 2 - H # Cooperative utilities,

Political subdivisions 2 Municipal entities & 2+ ik > 3875509 -
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ad

BFederal and State Uilities
g - Oinvestor-Owned Uilities
- & EMunicipal Entites
5 g 40 B Cooperative Lilities and Politcal Sub-Dwvisons |
E =
o 5
B O
S8 a0 =]
gE
ED
o & 20 ]
=
N
2k
E 5 10
3 =
0 4
ERCOT FRCC MRO NPCC RFC SERC SPP WECC 0Other
o of
Residential | 44 78 41 47 39 T2 51 57 15
Sales

Sowrce: FERC Survey

B 6-19 & ®EFF{ELTH 2 TOU * g F it A 47

ERBPp Az 2 F* TOU ehfya) > 7 4eR] 6-19 #7717 » g ¢ FRCC ¥
ORI ERBETOU LAz * 235 » 24 97 3 78%ehilz* »iF
*oymzr 2 EY TOU & 9z B RE 0 kB 5 FRCC(78%) -
SERC(72%) ~ WECC(57%) - 2005 & iz * =% * TOU =~ X 5 157
g2 %8 2k R BEY A RFC(X68F 4+ »)2 WECC(H
60F 7H =) Wik23 1Rm2HFg-az® »513% 1 B E7 %
u] % Investor-Owned Utilities(¥; 138 @ 1 * =) ~ Cooperative Utilities and
Political Sub-Divisions(% 17 § 3 = =) » H 32+ 4 4540 @) 6-20 #7715 %
otk S w10 < F 4ok 6-13 477 0 A& F ¢ A RFC 2 WECC ®

B 4Gk 2MF S e 850 o
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500,000

HEFederal and State Lilities

Olmvesior-Cranad Lilities —

ﬁ@ s00.000 B Municipal Enfities || _
EE B coparaive Ulites and
83 Poliical Sub-divisiens
= @
3
e =
w @ 400,000
L P
23
s E
s 8
=]

=3

G 200,000

B o o I D |

ERCOT FRCC MRO MWPCC RFC SERC SPP WECC Other

Source: FERC Swurvey

B 6-20 & %3 T ¥ % 422 ime-of-Used Rates (TOU) * = izt 4 47

#. 6-13 %-#7 Time-of-Used Rates (TOU) * = #icd % eha 10 <~ § %

TE R %&£ TOU * = 4k
Public Service Co. of Oklahoma 429737
Arizona Public Service Company 332823
Salt River Project 151000
Southwestern Electric Power Co. 135816
Pacific Gas and Electric Company 82055
Baltimore Gas and Electric Company 81072
Ohio Power Company 38482
Metropolitan Edison Co 35640
United [lluminating Company 35041
Jersey Central Power & Light Co 26186

2 ~ 4% T i 2(Critical-peak pricing » # 4& CPP)

2005 & > % <~ 93 25 RA FHECCP = ke »E 8 Bidyell i

9

B2 L 55 11000 2o H P 70%:n* 2 i d JOU 4% ik CCP & %
e 25 7& % ¢ - = %4 3 _Cooperative utilities, Political subdivisions 2

Municipal entities » ) ik 2387 72% o %22 CCP * “ #cd 5 e 5+ T %
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dod 6-14 #7 > £35F 10583 % 5 Kk g8 h © 5106% o

% 6-14 %-¥2 Critical Peak Pricing (CCP)* = #cd % e 5 < ¢ ¥

THE A %8 CPP * = i
Gulf Power Company 6878
Cass County Electric Cooperative 2892
Southern California Edison Company 462
San Diego Gas and Electric 230
Pacific Gas and Electric Company 121

3~ T W% 3] (Real-time pricing - f§ £ RTP)

LR E T LR RTP (st A 4540 Bl 6-21 9757 0 % 93 47 33
¥REISP-FFRIP> %53 - Lt ¢ 4 RFC 2 NPCCo X & (4r
New Jersey, Maryland, New York, and Pennsylvania %);# £ 3L 2 RTP 5 < #*

“enfh M ER R Ao

\\\Xr
%
(e
f‘;i\;
NEN
&
)
/\‘.
b

1z F L #2005 # >

20

HFederal and Siate Uilities

Ol eslor-Ownad Uliities

Ehunicipal Enfties

15 BCooperaive Uililes and Pollical Sub-divsions

10

Number of Entities
Offering RTP rates

L mom B HEII_I

ERCOT FRCC MRO NPCC RFC SEF'.C WECC Other

Sowrce: FERC Survey

B 6-21 % % 3 4% & Real-Time Pricing (RTP)> % 1§ % 23 2 45

7
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bR EFF - SRR AT RS FER BT LR R T A e
pE R Al g £ F R (Time-Based
Rates) & 4 . §442#I(DLC)™ » § ¥ 18 7 50k S 46 chp L o 1345 FREC o

BAREF 2ERGPZEF RS F N8R 37500MW 0 B 0 ik 4§

- 0 %;"E.F @Eﬂ%?/@%%]ﬂ 4

FEFEFE- T LT AEENG Y ST T ET IR Ak

FPARALEQ)FL L EPRERD SR E P FET R o 2R L
¢ & frr e TERE P RATE R~ B FARRE- A o
”Qﬁ%ﬁﬁiﬁﬁii%égéﬁﬂﬁﬁ%?%%é?ﬁ%§?%é

fOVRIR R PIERE DR EEAY o R FIL e ¥ h 2

B P42 H 8 Ko oo 2 ¥4 R ¢ (California Public

Utility Commission » CPUC) 5 7] & F& — 7 4 = 738 % DR k& & 3%« %
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B ;‘?(2005 #£)> % 2007 &£ & &34 1% T R-DRAR S H 7 iRa- 384 o 1235
Violette %2 Freeman %= 3 4 +7(Demand Response Resources (DRR) Valuation
And Market Analysis: Assessing DRR Benefits And Costs) :TDR & 3 » & %8 3 &
R R Apg @ % E(19 #) s §j 8 H & S DR ¥ 4 fF ik
FrRATE AR AR R R 2 R A 10 F A - o
GEDROFEE* 3 F R LA IR ANFORL w2 E R 5 2
“FEE > EDRMTF5 R %GIEh1 B o
SRR REY TRk
G AR DR AT L - srun\mgi%] 241> DR+ ﬂ';rs‘gp\/\ﬁl?
ART ARG TRHARLLITARDT RSB T X~ B FARTRI IS
VDR d T RPN EE T ek 0§ & L DRAL S BT AR
Y- BFR> % wira kR # DR fi‘ﬁ';?]"i? 2R FhE o bl4e 0 2006 &
ISO/IRTO 414 | g 474 # =+ 9 Bt 2 120 AW T 4 (£97 %
156 % ~) > & 4 5070 & ¥ chiTK ﬁs:] T &% 133,062MW e AT R F
feApdR2. T 5 4 4000MW 1% B F = % (¢ 42374 2 % ch DR)D F 2
P gz W § ol 500MW g B F > % d ISO-NE p 72 % o
S REFRBEREW RIS 5k d
i;@ﬂuﬁPWMWﬁm’*%Mﬁ*fmgﬁﬂ%ﬁlWé%ﬁ?

¥ (Operating Reserve) » & * = %8 2 § F B> 2 #H K175 Reserve fF> 2 v
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'F nk&i’@l MEL D] g\ ) E%?‘T?ﬁiiﬂ{ﬁﬁ?fﬁﬁ%ﬁﬂ@ﬁ%’; R B - S
Pl g T FLEZEF R FEIVREFILEF BAES
TR R0 f BN EF LRSS BER o FEF BFEWH R
% Hrenffa,4e £ 6-15 #7571 > ISO-NE 7t ¥ DR # & Non-Spinning Supplemental
% Long Tern Supplemental; NYISO 7t 3¥ DR # & Spinning (2007 & % = % 42)~
Non-Spinning Supplemental 2 Long Tern Supplemental ; PIM 3% DR # i&
Regulation ~ Spinning %2 Non-Spinning Supplemental ; ERCOT ¥ DR # i&
Spinning ~ Long Tern Supplemental 2 Replacement ; CAISO B] w3 DR 3 &
Non-Spinning Supplemental - ¥ ¢t » PJM ~ ERCOT % CAISO 35 v 35 DR [ &

%2 i £ % F(Energy Market) - 7 & #73] < F Co-Optimization Exemption ;

% 6-15 F 8 F Ju 2 i 9 B PRAED Hrenfi)

Regulation Spinning glggplsepr:wr:ewg? Stgglgt]ar-;irnnt]al R?g(l)az\e;;e)nt Co-EOthr:]n;iiz:r:ion
(10 4 43) (30 4 4b) =
ISO-NE 9| 9| D D No
NY-ISO 1| D D D No
PIM D A&CD A&CD Yes
MISO C C C Not yet set
ERCOT “ D D D Yes
CAISO 1l 1Val “D Yes
A- Market based C - Cost based D - Demand response is allowed to participate
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" ¥

B

O T R ERET A AR e FIL R o a m kS
FL o FadRTE PP RS ABI P IFR > REF G 0E

L SRS T P

e ISO ~ #7&E #jF ISO~PIM £ F i > T § a7t B A & gL
#.(Nodal Locational Margin Price) > @ (¢ 7 7 % & #PFF > ok 2 31,?]

TEEROFUEL  MNEFRHRPRLE > F7 T RARHL CREFP L&
BT RGeS PR LT RA DBEEIE > R
,ﬁ mmﬁ,%uﬁmzkﬁgiﬁﬁ@ﬁ B oo AL M frse M 1SO T B
Pl B3 T W f s B W F P EEIAOE R > R
Hhod BEE WA o

dF R BRI AT E R LREPDFRES AT LT 4

° %2002 # 17 ~2003 # 3 " WA ZTERFISO R P L FE S A5 139
BREA > LYISOFLP 20 FEX A5 T3 REA PIMERSP TR
FAGZAZRES L BRSY R FROELTEIARR PG EREHT P
FE ek e G A DR P FER AR TR T R

Kgrfld Bt DR AR EREIPE TS HF MR TR BRI
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BT AR S T i &m0 T [1]5] - [15]20)]
T1IPIM R A 3 5ihER R
711PIM & 4 & H-end | o 238 T
1~-pwg 33
08:00~ 12:00 + 3423 ﬁré» PIM # 2 % = X a8t 4] o

12:00~14:00 PIM % & xiiphd T H L7 F 2 X ahf it e 75

16:00~=t p 8:00 PIM ¥ 345 kLA s T AR £ 2 6 hB RE @D
ﬁ_rr_'ro

2~ 3
HEFHFLED - PHIEPEIFolEN L ENT LY 1R
T~ E#Zd ol A~ B ZE e P ey BREDPH LT H e
LY R H U RERED SRR H S T R R
AR SRR R R E R PIM B [ Hrads 4 Aot BT ORI
P FEERL AN PA A gy AR 7 SR PRV ER -

3. e B

TS AL R - BT o B G E R AR T & R
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EoPHESEFIENEA R PFNGFRRE S A mE - o
F e
B BE S 0 gk R (F M) 2B R B9 B, ik PIM @ A ad
B R MR AR B H o
712PJM"”4?5-W1%?] FR A3

e PIM B 87 o BT R s

ol
3
&
=H
i
%T\
5
>—L
3
-y
Y
T
)

b

PR 8 LR T RS PIM o B BT R D gk
:%,z Br PIM B 30 PJM # ii%m@?] PRIS5E A & 5 4B PR 7%(Network Service) ~
2L 4+ 8L PR 7% (Point-Point Service)® < #g » H ¢ BL¥BLIRFZX A L F T2t F

TR PPl 2 Fol o PIM B 3 & L5 akans F R TR B

=
“w

-r:\¢

ey %
¥

=

SIBETE  HERID 4 PN S LR

FRBEFEHC SFE 440 56 THTREERRBY F 4, (Open

Access Transmission Tariff » i f- OATT) t =% o ﬂéﬁ%ﬁi&la‘: PR%%»#%@?J? A B
b'ure}; .%zma}bﬁj BEL A EB TiEE~FD & %;ﬁ%(‘&;};’; ~ HLE pEF
B ul R F B F(F IMW) 5 e B R TR T SRR

B E A

-

#lEERWTFEF I [E (MW - #)]
7T13PIM T4 # i B2 2
WMéﬁﬁ?%ﬁ%ﬁﬁ&#Eﬁﬂiﬁrﬁiﬁﬁﬁﬁﬁﬁﬁﬁig

(OATT).L > = 7 424 H F for PIM 3% 118 IRAEY 30 PIM R € 1395 i 5o
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T RHREE - R IREY REF R A SETIREG DT
FiE PIM b 2 F2a3mm o

PIM % & 2L @2 § # LMP $i 2 R 7§32 > § 1246 ¢ 3
QD)3 T mE g LMP %5 ;

Qf R EfPEBEALMP L H

@FfFRALAERES & BRI FENLRFT R HFTEL A3 LMP

L o

Metwork

Service
FTRs

Firm
Paoint-to-

|| Secondary | FTR RqueittePnzocessing
i Market || BeEtl : y

Trading || <A
4 PJM Settlements I Es

22
Bl 7-1 PIM EJZ FTR crip b 7 o
SEWALEFES AT ERD FURTELPIMEY F iﬁiﬁ? ## (Financial
Transmission Right » i #£ FTR)eg 322 34 ke | el & - FTR £ - & &
BEE v fag’;f&ﬁ%ﬁ%@ Rl Ll ?;mi%?d%ﬁi%]?, JRFE* = E AL e PIM ¢
FooEF AR FTR  BFP il # 2 782 Fka R f 4 # i
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%‘f’#ﬁg%u o FTR ﬂ\%ﬁ_} H - fﬁéﬁﬁv}g—w s A fl;g\,—ﬁ ?K%ﬁq;;iféﬁ;i , TR
CEAETERERFEEHH  dok (B R FTR 36 F #1579 %

i

%ﬁ@%ﬁﬁ?@%%?ﬁ%aﬁjﬁﬁﬁﬁﬁﬁﬁiﬁﬁﬁ,gﬁgww

e B TR B T IRIE DT 2 S .
ﬁﬁﬁ?ﬁﬁﬁE%%*ETWﬁﬁ%ﬁﬁ’%ﬁ?ﬁ%%iﬁ%@?ﬁ
ﬁﬁ?ﬁﬁi@ﬁkﬁ’ﬁﬁﬁ?%ﬁﬁﬁﬁ MEERE o F 2 R
AHFET o FHEEFTF ERETENE gt B 4o
(1) #% % * (Congestion Charge)
BER T =MWHx (@ %3 F 1 & 8L5HLMP
-f S B~ & 8keLMP)
(2) =-3tE-dy % 42 e £ (Point-Point FTR Credit)
BRI E = MW (p 3 S ) & BLeLMP
-p R gy~ & BEILMP)
(3) }bﬁﬁi%] % 1 7] & (Network Service FTR Credit)

S5 BRI E = MW (0 5 5 345 11 & 8 5PLMP
-p B S~ & 8 LMP)
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| Thermal Limit

| FTR =100 MW

B:s Energy Delivery = 100 “:’
. Ssurce Sink e
ISenmE:d] {llﬂ:ﬁ'ﬂ:g End)
$15 $30
c ion Ch =100 MWh * 15) =
ongestion "!l!‘l!ﬂll' ($30-515)
FTR Credit = 100 MW , ($30-$15) = $1500 'ﬁb

B7-2 7+ FTR> w4k

4ol 7-2 7 5 R A B w2 FTR 2 é#ﬁk’ﬁﬁﬁﬁiﬁ?%ﬁﬂ N AR LS

=

LMP =
$15

Congestion Charge = 100 MWh * ($30-$15) = $1500
FTR Credit = 100 MW * ($30-$10) = $2000 _J/

M7-3 §4fm= w8 FTR = % % - 5&(1)
B 737 AR A BB FTIR? » 2 - X2 FIFTR & & g5 LMP
WAL R o REERBTENEF N ERT Y 0 T FTR ) § bt fhm T

-

EEFFA B 74977 5384 B> B2 FIR>%- % BFFTR A &
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B LMP L) o R B AR THRIE SN R G TFTR T & 0

PHERT R R KRR Y

Bus L[
) —
LMP = TR P— -M‘H Bus
=2n .-_\-_"""l- e - n
Bus e 400 7 | Lmp =s$30
C De /-
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at 124 MW

Sundance
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Sensitivity Factors
(for 1 MWh of Load Supplied from)
Bus Patk: City Sundance Caleulation LMP

@ $15/MWh @ $30MWh
A 1.0 MWh 0.0 MWh 1.00 (515) + 0.00 (330) $15.00
B 0.59 MWh 0.41 MWh 0.59 (815) + 0.41 (330) $21.14
C 0.43 MWh 0.57 MWh 0.43 (815) + 0.57 (330) 82351
D 0.00 MWh 1.00 MWh 0.00 ($13) + 1.00 (330) $30.00
E 1.30 MWh -0.30 MWh 1.30 (513)+ -0.30 (530) £10.50
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THE UMIVERSITY OF TEXAS AT ARLINGTON

ENERGY SYSTEMS RESEARCH CENTER

February 9, 2007
TO WHOM IT MAY CONCERN

Dear Sir/Madam:

Dr. Chin-Chung Wu has visited the Energy Systems Research Center (ESRC) at
the University of Texas at Arlington as a research scholar since September 2006, He
has very sound fundamental concepts in power system operation and dispatching and
has great talent in solving complicated problems independently. He is ready 1o take
challenges and assume more responsibilities in the operations, reliability, and security
of Taiwan Power system. | believe that his performance will be above and beyond a
“normal” engineer and become great asset 1o Taipower. Enclosed is the list of
activities during his staying at ESRC. Please feel free to contact me if you need other
information.

Training

I. He has attended Power System Planning, Operation, and Control in a Deregulated
Environment and Wheeling Charge Calculation Theory courses in the fall 2006,

2. He has attended Locational Marginal Price (LMP) and Congestion Management
of the 15O New England in the winter 2006,

3. He has attended an on-line training course to understand the market development,
capacity market, energy market, locational marginal price calculation, congestion
management, load participation, settlement, and event handling of the PIM
Market.

4. He has attended an on-line training course 1o understand the Ancillary Service,
Demand Response Programs, Market and Scheduling of the ERCOT Market,

5. He has attended an on-line training course to understand the Energy Imbalance
Service (EIS) of the SPP Market.

6. He has attended American Wind Energy Association (AWEA) Wind Energy 2006
Fall Symposium at Phoenix AZ (12/06/2006-12/08/2006)

Arcas of Research
1. The Operation of the Electric Reliability Council of Texas (ERCOT) Market
Dr. Wu has in-depth knowledge about the ERCOT market. He has done
extensive research on the ERCOT market. In addition to the information from the
ERCOT web site, he has visited ERCOT 1o discuss the market development,
generation planning, system dispatching, ancillary services, capacity market,
energy market, commercial significant constraints, shifting factor, congestion

Page | of 3
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management, load participation, demand side management, settlement, and
renewable energy with ERCOT engineers.

Demand Response Programs in the United States and Load Participations in the
ERCOT's Ancillary Services Market

In May 1999, the Texas Legislature passed a bill that allows electric choice for
most Texas consumers to begin in January 1. 2002, The Texas Electric
Competition Act (SB7), signed on June 18, 1999 by Governor George W. Bush,
put electric wtility restructuring into motion. A series of events and changes as
show below began the reorganization of the electric utility industry in Texas,
enable ERCOT to provide the platform on which the industry is making its
transition to retail competition and on which it will operate the new electric utility
marketplace for Texas.

In the restructured market, the Public Utility Commission of Texas (PUCT)
has established a framework to ensure greater participation by load resources in
the future compared 1o before. Participation by loads in the restructured ERCOT
market serves the purpose of enhancing competition in markets, mitigating
unwarranted price spikes, encouraging the demand side of the market to respond
better to wholesale price signals, and preserving system reliability,

Qualified customers, with the ability to curtail electricity demand, are
encouraged to participate into both the energy and ancillary service (AS) markets
in Texas. Interruptible customers are considered as resources to the system
comparable to the generating facilities.

The procedure of providing a demand-side resource is complicated. Generally
speaking, demand-side resources must be tested and registered, and then included
in ancillary services plans or offered to a market. Dr. Wu has discussed the
engineers of the Formosa Plastic Co., USA at Point Comfort, TX to understand
the detailed procedures to qualify an industrial user to participate in ERCOT's
LaaR market. His research has led to a paper presentation at up coming 42th IEEE
Industry Applications Society Annual Meeting (IAS 2007) at Mew Orleans,
Louisiana State.

Renewable Energy

Following in the steps of the gas industry, the traditional paradigm of the
vertically integrated electric utility structure has begun to change. In the United
States, the Federal Energy Regulatory Commission has issued several rules and
Motices of Proposed Rulemaking to set the road map for the deregulated utility
industry. The crisis in California has drawn great attention and sparked intense
discussion within the utility industry. One general conclusion is to rejuvenate the
idea of integrated resource planning and promote the distributed generation via
traditional or renewable generation facilities for the deregulated wtility systems,
Texas is one of the earliest states to establish an Independent System Operator
{(IS0) for the security operation of the Electric Reliability Council of Texas
(ERCOT) system. We are aware the importance in balancing the environmental
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concern and reliable power supply. Senate Bill 7 at Texas 76th Legislative session
in 1999 mandated the installation of at least 2000 MW additional renewable
energy by 2009. Other states are likely to follow and set up similar requirements.

Wind generation and photovoltaic are the most mature and cost effective
measures among different renewable energy technologies. According to American
Wind Energy Association, Texas has 136 GW wind power potential and 2400
MW wind generation have been installed since 2006. The current wholesale price
for energy from wind farm is compatible with the traditional fossil fuel plants.
However, the wind speed is uncontrollable and generally blows stronger in the
night time. This makes the wind generation less dependable and therefore difficult
to be considered as mainstream generation facilities. These deficiencies can be
reduced if one can develop a hybrid generation plant that combines the wind
generation and photovoltaic. Dr. Wu has performed research on the development
of wind generation and photovoltaic technologies

Best regards,
~ :
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Wei-Jen Lee, Ph.D., PE

Director and Professor

Energy Systems research Center

The University of Texas at Arlington

UTA Box 19048

Arlington TX 76019

Tel: 817-272-5046; Fax: §17-272-5042; e-mail: wlee@uta.edu
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Abstract-- For isolated power systems, an efficient and
effective ancillary services market is one of the most important
tools to ensures the system security and service quality. It is
recognized that pumped storage units can play a unique role in
the operation of isolated power systems. As part of the
introduction of the ancillary services for Taiwan, a study was
performed to identify the role and value of pumped storage units
in the fast-response reserve market. This paper analyzes the
actual dispatching schedules of pumped storage units in Taiwan
Power System (TPS) to provide fast-response reserve when
system was operated under seriously insufficient conditions at
year 2004. The results are used to quantify the value of pumped
storage units in the ancillary services market. Since the
dispatching schedules of pumped storage units determined the
cost of fast-response reserve in the ancillary services market in
TPS, the actual operating experience of pumped storage units
studied in this paper can be used to evaluate the impact on the
system security and to further define the role of pumped storage
units in the ancillary services market.

Keywords—load-frequency sensitivity factor, reasonable
spinning reserve requirements, one-minute recovery frequency

. INTRODUCTION

For a power system, ensuring the system security and
service continuation are the most important goals of system
operators. While definitions may vary, the aim of the ancillary
service market is used to ensure system security, and ancillary
services are generally accepted to be those resources and
actions that ensure the security and quality of supply needs of
the power system [1]-[2]. This includes frequency control,
automatic generation control, spinning reserve, non-spinning
reserve, black-start capability, voltage support and reactive
power control. Frequency control and automatic generation
control could also be called as the fast response reserve (FRR).

The frequency of an isolated power system drops rapidly
when the power supply of the system suddenly becomes
insufficient due to a loss of the largest on-line generating unit.
Therefore, it is very important for an isolated power system to
schedule sufficient fast response reserve capacity to maintain
system frequency within acceptable levels without
customer-load shedding. The level of the fast-response reserve
should satisfy both the desired operative procedures of the
system and the frequency-base reserve constraints (FBRC).

An efficient reserve policy should take into account the
effectiveness of all these factors on system frequency so that a
secure dispatch can be achieved. Normally, the load-frequency
sensitivity factor is used to evaluate network behavior
following a contingency [3]. Some modified reserve

scheduling methods for an isolated power system have taken
account of the system’s load-frequency sensitivity factor and
the frequency-based reserve constraints [4]-[5].

In general, there are two major sources of the fast-response
reserve for the TPS. The first source is the spinning hydro
units at no load or minimum load who are operated under
AGC with excellent frequency response rate. The second
source is demand response, for example, shutting down
system load can help the recovery of the system frequency to
acceptable levels following the loss of an on-line generator [6].
Pumped storage units are the most suitable for offering the
fast-response reserve when they are operated in pumping
mode, in the event of a system incident, a pumped storage unit
de-load can be initiated by under frequency relay [7]. This can
be achieved by designing an adaptive approach load-shedding
scheme to include the pumped-storage unit to overcome the
under frequency conditions caused by the loss of the largest
on-line generating unit [8]. In general, pumped storage units
can be operated in generating mode during peak periods, to
regulate system frequency and to reduce system generation
cost, or operated in pumping mode during off-peak period, to
offer emergency reserve and to consume the surplus power.
As the difference between the peak load and off-peak load of
Taiwan Power System is considerable, pumped-storage units
are playing a critical role in Taiwan Power System operations.
Once disturbances take place in off-peak periods,
pumped-storage units can then be shed with a high priority.

This paper presents an actual dispatching schedules of
pumped storage units in Taiwan Power System (TPS) under
seriously insufficient conditions of the fast-response reserve
for year 2004. The results are used to quantify the value of
pumped storage units. The dispatching schedules of pumped
storage units determined the cost of fast-response reserve in
the ancillary services market in TPS. Cost of energy and
ancillary services were calculated. The actual operating
experiences of pumped storage units provided in this study can
be used to evaluate the impact on the system security and to
further define the role of pumped storage units in the ancillary
services market.

I1. ANCILLARY SERVICES MARKET FOR ISOLATED POWER
SYSTEMS

In most electricity industries around the world, the System
Operator (SO) is responsible for the reliable real time control
of the transmission system, real time load balancing,
congestion management and provision of ancillary services.
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Generally, ancillary services include, but are not limited to,
Frequency Control, Automatic Generation Control (AGC),
Spinning Reserve, Non-spinning Reserve (dispatchable load
and generation) and black-start capability, which are
capacity-based ancillary services. Voltage support and reactive
power control is another type of ancillary service, which relies
on generators and requirements and installation of reactive
power compensation devices. It can clearly be seen that
different power systems have different requirements for
ancillary services, and therefore, the precise definition of
ancillary service varies across different restructured systems
and so does the design of market for competitive procurement
and provision of such services.

As described above, capacity-based ancillary services can
be divided into different types with varying levels of response
time. The major types of capacity-based ancillary services for
an isolated power system are presented as follows [9]-[13]:

e Frequency Regulation Reserve or Automatic Generation
Control: This service is used to track the load with the
generation so as to ensure that the frequency stays within
a predefined band of the system synchronous frequency;
this service requires both the up and the down shifting of
the output level of the unit that provides the service. This
reserve would also be able to counter any
under-frequency excursion arising from a contingency,
the response being fast enough either to limit the fall in
frequency, or to assist in the recovery of frequency to
within frequency operating standards. Therefore, this
service could be called as Fast-Response Reserve (FRR).

e Ten Minute Spinning Reserve (TMSR): This reserve is
an on-line generation capacity synchronized to the
system, that should be able to supply energy to the grid
immediately and should be fully available within ten
minutes. TMSR needs to be sustained for a period of
about thirty minutes to facilitate first contingency
protection.

e Ten Minute Non-spinning Reserve (TMNSR): This
reserve is a resource capacity that is not necessarily
synchronized to the system, but must be available on ten
minutes notice and should be able to supply energy as
well. First and second contingency can be provided by
TMNSR with the aim of contingency protection with
regard to the reliability satisfaction.

e Thirty Minute Operating Reserve (TMOR): This reserve
is a generating capacity, non-synchronized to the system
that is fully available within thirty minutes. This type of
ancillary service must supply energy for up to one hour
to cover first and second contingencies.

An isolated power system such as the Taiwan Power
System (TPS) is sensitive in responding to frequency
deviations, therefore; system operators need to schedule a
sufficient reserve capacity, which utilizes the automatic
generation control (AGC) functions of on-line generating units
to regulate the active power and balance system load demand.
In the daily operation of an isolated power system, an
adequate provision of fast response reserve (FRR) within a
few seconds following the loss of an online unit is essential to

maintain system frequency within acceptable levels. FRR as
the regulating capacity can be converted to such ancillary
service commodity, which is a weighted-average of MWs of
response available in terms of few seconds. This service is
required to continuously balance the isolated power system’s
supply resource instantaneous demand variation in order to
meet the reliability and control performance standards.

I1l. FAST-RESPONSE RESERVE DISPATCHES FOR ISOLATED
POWER SYSTEMS

For isolated power systems, the response time of fast
response reserve should be sufficiently fast enough to
maintain system frequency within normal limits and to assist
in the recovery of frequency to within acceptable levels in a
few seconds following the loss of an on-line generator.
Therefore, the fast response reserve should have two functions:
the first function is to regulate frequency, the reserve being
available to control system frequency within the normal limits,
which is 59.90 to 60.10 Hz in the Taiwan power system, and
the second function is to act as an emergency reserve, the
reserve being able to assist in the recovery of frequency within
an acceptable level that conforms with frequency operating
standards following a contingency.

Although the fast-response reserve is provided by several
sources, primarily generator response, load shedding and
natural fall in demand due to falling system frequency;
however, in general, there are two major sources for the
fast-response reserve: the first source is the spinning hydro
units at no load or minimum load, which have an excellent
frequency response rate and operate by AGC, and the second
source is pumped-load shedding, for example, shutting down a
pumped storage unit can help system frequency return quickly
to acceptable levels following the loss of an on-line generator.
This paper deals only with the fast-response reserve from
pumped storage units, which can be operated in generating
mode to regulate frequency, or operated in pumping mode to
act as an emergency reserve.

The magnitude of a FRR should depend on system load,
load behavior and frequency operating standards, to satisfy
system security constraints when the power system encounters
a contingency. In order for the FRR dispatch to be practical,
the calculation of FRR must be as simple as possible. For
Taiwan power system, the FRR dispatch can ignore the effects
of voltage dependency on loads and need not take into
consideration the intrinsic reliability of each scheduled
generator [4]. The FRR is given as

oP
FRR = Psystem Xa_fx(60— fy) (1)
where
Psystem = system load.
oP e
r = the load-frequency sensitivity factor (LFSF) of
the system.
fy = the frequency meant to provide some margin to

the frequency at which load shedding is initiated.
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Shutting down a pumped storage unit can help system
frequency return quickly to acceptable levels, following the
loss of an online generator. In this case, FRR could be
decreased when pumped storage units are in use. In (1), the
mean value minus one standard deviation (1 — o ) is set for the

value of load-frequency sensitivity factor (LFSF) during
pumped storage application duration [4]. For the Taiwan
power system, f, was set to 59.7Hz, a 0.2Hz margin above

the frequency at which load shedding is initiated.

IV. SYSTEM SECURITY CONSTRAINTS FOR ISOLATED POWER
SYSTEMS

Following the loss of an on-line generator, it is essential to
maintain system frequency within acceptable levels without
load shedding. A method to determine the spinning reserve
requirements by considering the one-minute recovery
frequency following the loss of the largest generating unit was
proposed in [4]-[5]. For isolated power systems, an assigned
amount of FRR must be available within a given margin of
time to provide protection in the event of a sudden loss of
generating unit, an unanticipated load change, or any other
power system disturbance. The margin of time is defined as
the time required to make necessary changes in generating unit
output. Different utilities have different policies regarding the
minimum amount of FRR and the margin of time. In the case
of the Taiwan power system, the margin of time is 60 seconds.

It is even more appropriate, however, to determine what is
the one-minute recovery frequency following the loss of the
largest on-line generating unit. Acquisition of this information
would ensure that the one-minute recovery frequency,
following the loss of the largest online generator for a given
dispatch, f o, would stay above a system-specific absolute

minimum frequency f;,

frec = fmin (2)

Equation (2) is the system security constraint for isolated
power systems, which is also called the frequency-based
reserve constraint (FBRC). f,;, is a user defined variable: if

it is set below the highest value for the activation of
under-frequency relays, load shedding will occur. In the
Taiwan power system, f;, is set to 59.7Hz, 0.2Hz above the

frequency at which load shedding is initiated, to ensure no
customer-load shedding will take place and to allow for a
margin of error in the system LFSF.

The FRR would be composed of spinning hydro units,
which have a fast enough response time that would allow them
to increase output from minimum load to full load by use of
the AGC function in one minute. Hence, the one-minute
recovery frequency following the loss of the largest online
generator ( Pg_h.x ) 15 given as (3).

_ (PGfmax - FRR)

(€)
(LFSF x Psystem)

f rec

If fe is below f one has to adjust the value of FRR

min »

until the constraint of the Equation 2 is satisfied.

V. OPERATING EXPERIENCE

A. Description of the Taiwan power system

The Taiwan power system is an isolated power system with
an installed generation capacity of 34630 MW made up of 218
units in 2004. These consist of 6 nuclear units, 19 coal-fired
units, 6 oil-fired units, 2 LNG-fired units, 54 combined cycle
units, 12 gas and diesel units, 38 run-of-river hydro units, 40
non-run-of-river hydro units, 10 pumped storage units (four
250 MW units in Ming-Hu hydro plant and six 267 MW units
in Ming-Tan hydro plant), and 31 IPP units. The nuclear units
are not allowed to perform load-following due to safety
reasons, and therefore are excluded from the set of units used
for operating reserves. Run-of-river hydro units do not qualify
for reserve units owing to the limitation on water availability.

The maximum output of the largest generating unit is 950
MW, if this is lost, system frequency will fall dramatically in
comparison with large interconnected systems. Generator
response is the primary source of reserves needed to arrest a
fall in system frequency. The load shedding relay in the
system is initiated at 59.5 Hz with 50 sec. delay, so that if the
contingency was large enough, load shedding could start at
59.5 Hz and continue until the power deficit was replaced.
Ideally, system frequency should remain above 59.5 Hz
following the loss of the largest on-line generator and no load
shedding should occur.

In Taiwan power system, because the difference between
the peak load and off-peak load is very large, pumped storage
units have been playing a critical role in daily operations. The
pumped storage units are operated in generating mode during
peak period to supply power and decrease generation cost, and
in pumping mode during off-peak period to consume the
surplus power.

B. Flexible dispatching schedules for pumped storage units

The severe typhoon (Mindulle) invaded the Taiwan island
on 1 July 2004, causing five hydro power plants to fail and
resulting in a serious shortage of capability of regulating
frequency during off-peak periods or offering an emergency
reserve during peak periods. These shortages would jeopardize
the system security and frequency quality, so that the pumped
storage units had to offer regulating frequency reserve and
emergency reserve simultaneously. The system operators had
to change the dispatching criteria of pumped storage units in
order to offer regulating frequency reserve and emergency
reserve simultaneously. During the month of July, the
dispatching schedule of pumped storage units was divided into
the following four modes based on system load and the
restoring conditions of the other hydro units:

Mode A: During 1 July and 7 July, the two pumped
storage plants were only operated in generating
mode except 1 July. The average load of the
system was 22544.4 MW.

During 8 July and 17 July, the Ming-Tan hydro
plant was operated in generating mode during
peak period, and in pumping mode during
off-peak period. The Ming-Hu hydro plant was
operated in pumping mode during day time and

Mode B:
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in generating mode during off-peak period, as
shown in Fig. 1. The average load of the system
was 23528.2 MW.

Mode C: During 18 July and 20 July, the Ming-Tan hydro
plant maintained the same schedule as Mode B,
but the Ming-Hu hydro plant was operated in
generating mode from 19:00 to 5:00 in the
second morning and in pumping mode during
three load valleys (6:00~7:00, 12:00~13:00 and
17:00~19:00), and the Ming-Hu pumped
storage units are off-line at the other times, as
shown in Fig. 2. The average load of the system
was 22195.4 MW.

Mode D: During 21 July and 31 July, when some other
hydro units were restored, both the Ming-Tan
hydro plant and the Ming-Hu hydro plant were
operated in generating mode during peak
periods, and in pumping mode during off-peak
periods. The average load of the system was
24007.7 MW.
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Fig. 1 The dispatching schedule of pumped storage units for mode B
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Fig. 2 The dispatching schedule of pumped storage units for mode C

C. Contribution of the pumped storage units to fast response
reserve

The frequency operating standards for Taiwan power
system require that, during periods when there are no
contingency events, the frequency be maintained within the
range 59.90 to 60.10 Hz for 95% of the time, with larger
deviations permitted within the range 59.80 to 60.20 Hz for no
more than 1% of the time. Fig. 3 shows the percentage of time

that the frequency was within the standard range for
non-off-peak period (9:00~24:00) and off-peak
period(0:00~8:00) during July 2004. As one can see, the
frequency was within the standard range for more than 98.0%
of the time in non-off-peak period. It is difficult to regulate
frequency in the off-peak period (0:00~8:00) on Monday, as
shown in Fig. 3, because the system load is the lowest during a
week. Due to the pumped stored units were operated in
generating mode during off-peak period in Mode B and Mode
C, the time that the frequency was within the standard range
was improved, which is better than the time of Mode A..
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Fig. 3 Maintain within the standard frequency range time for non-off-peak
period and off-peak period during July 2004

Fig. 4 shows a frequency variation curve following the loss
of an IPP generator (480 MW) of the Taiwan power system at
11:40 on 16 July 2004. When the Ming-Hu hydro plant was
operated in pumping mode, which is Mode B, the system
frequency gradually rose to the standard range during 90
seconds, following the shutdown of one pumped storage unit
by the system operators. Therefore, pumped storage units are
suitable for serving as fast response reserve units.

Frequency
(Hz) 16/07/2004 11:39:50
60.10

Frequency variation History Curve 150 Sec
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Fig. 4 Frequency variation curve following the loss of an IPP generator
(480 MW) of the Taiwan power system at 11:40 on 16 July 2004

D. Pumping / generating mode energy analysis of pumped
storage power plant

Fig. 5 shows a comparison of pumping energy supplied for
the dispatching conditions on July 2004. The larger part of
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pumping energy for all of the modes supplied by LNG-fired
combined cycle units. However, there is almost 40% pumping
energy for Mode C supplied by coal-fired units due to the
operation in pumping mode during three load valleys.
Therefore, the pumping cost of Mode C was the cheapest.
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Fig. 5 Comparison of pumping energy supplied by units among the modes
on July 2004

Fig. 6 gives a comparison of generating energy replacing
for units for the dispatching conditions on July 2004. For the
four modes, the larger part of generating energy replacing for
oil-fired units, the percentages are 78.98%, 90.77%, 94.92%
and 90.95%, respectively. Only the generating energy of mode
D replacing for LNG-fired units, and the minimum replacing
for coal-fired units, which was due to higher temperature
caused system load to increase in summer. This situation will
not happen when system load decreases in autumn and winter.
Only considering the generating energy replacing for oil-fired
units, the largest benefits of the generating energy replacing
followed by Mode C, D, B and A.
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Fig. 6 Comparison of generating energy replacing for units among the
modes on July 2004

Integrated with above comparison, this paper defines the
energy benefit, which is the average cost (NT$/KWH) ratio of
generating energy to pumping energy. Fig. 7 shows the
comparison of energy benefit for four modes. The average
costs of the pumping energy supplied were NT$1.8527,
NT$1.5587, NT$1.3591 and NT$1.5619, respectively. The
average cost of pumping energy for mode C is the cheapest.
The average costs of generating energy replacing were
NT$1.6430, NT$1.7867, NT$1.7990 and NT$1.8603,

respectively. The energy benefit of mode A is only 88.68%,
which means that the mode A is not economical. The energy
benefit of mode C is the largest, which is 132.36% and means
that mode C is the most economical.
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Fig. 7 Comparison of energy benefit for four modes on July 2004

To compare the average load of the four modes, mode C is
suitable for light system load conditions such as spring and
winter seasons, and mode D is suitable for heavy system load
conditions such as summer.

V1. CONCLUSION

Practical experiences demonstrate the role and value of
pumped storage units in ancillary service markets, particularly
the emergency conditions of a severe shortage of fast-response
reserve. The pumped storage units are the most suitable for
offering the fast-response reserve, which can be operated in
generating mode with AGC to offer frequency regulation
reserve or operated in pumping mode to offer emergency
reserve. The comparative result of energy benefit showed that
mode C is suitable for light load conditions to reduce pumping
energy costs and to offer emergency reserve, and mode D is
suitable for heavy system load conditions to offer frequency
regulation reserve. The actual operating experiences of
pumped storage units provided in this paper can be used to
evaluate the impact on the system security and to further
define the role of pumped storage units in the ancillary
services market.
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Abstract
Demand response (DR) is an important, reliability resource for the power system in

the United States. Several independent system operators (ISOs), such as ERCOT,
ISONE, NYISO and PJM, offer demand response program in the auction power market.
It is recognized that demand response can play a unique role and possess important
values in the operation of isolated power systems. Spinning reserve has traditionally
been supplied from generators, but it is not economic and not efficient, because power
companies have to get paid for having it available whether or not it is called upon to
address a system emergency such as a lost transmission line or failed generator.
Furthermore, it should be called upon infrequently, perhaps a few times per month.
Demand response resources can assist in the operation of transmission systems in the
form of ancillary services such as operating reserves. Using demand response to supply
spinning reserve would provide another source of revenue for responsive loads
(industrial and commercial customers), increase the reliability of the electricity supply,
and decrease all participant customers’ energy bills. A power system simulation was
made for Taiwan power system and the results used to quantify the value of demand

response.
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