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+1) Integrated or Centralized market
+»+2) Decentralized market
++3) Hybrid market
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“ Integrated2| 2| 0|
otLte Il 20| =Y
SAH DHNN 2= ==2F
< Centralized2| 2| 0|
Hehdt S2stE H0HE Sl 01=
s ZI|HSAIE: 2E AHelot =Y
Ol EO.I pN|
< OI2AIE: A2l & “self-scheduled”H2H E 51 &
S OIAZE YA
SSAE HUX & &&It20| zonal pricing
£ =locational marginal pricing0il 26l 2 & &I Ch.
« Financial Transmission RightsE #=8t&tC}.
S AIE Ol =D SSAE, 0= S2aeHISO

PIM Al E &

(Pennsylvania-New Jersey-Maryland)

+» Separated market
LAY SHHS2ES IS HRAUNM 2cl&sS
o0l etLt.
HE=2 UK Helle A2 SH
exchangeE Sall 0|0 &I CF.

S AAE 22 Jls MEt

ANAE 2 H XK= =3 & & (energy balancing) %
SXMEIA Mz322 1 J1s0] M&tE
s AIE Ol =D 22l ZLIOF Al E(ISO/E ! Power Exchange),
S S=AIE

12

£ = power

144,644 MW Peak
1082 Generating Units

) v RTO

80,190 MW Peak
nerati ni

64,300 MW Peak
g Uni

s
Natlonal Grid
E

50,795 MW Peak

= 314 Generating Units

* Mesat updated figures

50.538 MW Peak s "
according to RTO websites

CAISO 1,143 Generating Units
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PIM A& 224
+ 2 Energy Markets
Day Ahead, Real Time
+« Financial Transmission Rights Market
Auction
+« Capacity Markets
Reliability Pricing Model
+« Ancillary Services

Regulation Market, Spinning Reserve Market,
Blackstart Service, Reactive Services

PIM 2 &t

+ Regional Transmission Provider
+ Regional Control Area Operator
» Market Developer and Coordinator

Reliability Agreement
Assurance
Agreement

Operating | PIM - Regional Transmission Planner
Agreement | OAT
Tariff

Transmssion Owners Agreement: S& AK{ XS} PIM2S| &9
Reliability Assurance Agreement: 2= Al ZE 0 X2 PUMZEE] & 2t
PJM Operating Agreement: AlZ7Z 0l CHEH & <

PJM Open Access Transmission Tariff: S8 23 ®

PIM Ol 4 Xl Al E




Ol Xl Al & (Energy Market) & 2 Al & (Day-ahead market)

o3 I‘|O| AlII- E X|

Bilateral | &S =
| Transactions S AE, I E 5
el -
Self-schedulé J,.{'}’ PJM &M J|/F ot & E(offers&bids), & 2 H 2 A H = (self-
°""““*5°“’“5 T == Spak Market schedule), Jt&H &0l D185t S A D#ISZ =g

| FTR2 M2 AIE LMPO| J| =5t & At
to serve customers /'

| ol
é{ﬂfﬂ?'ﬁé‘g ' HAAF/ SHA|Z2E S22 LMPE 2 X
Load Serving Entities AIAIZFAI = =29
Obtain energy = = 4 A

Industrial /\ Residential

Comn ermal
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& 2 Al & (Day-ahead market)

% X Ol X} Xk OlZt |H=
1% 2 B *HSAS BN SE UE
SHYU AR LB Q0 (hoH UE LH SR AT, LMP AF LSE(LOBd Servmg Ent|t|es)
QRS HIZOR 2SS N5, TRHAS D, EHO| LM FPE « BHA|2} Et2 Hzenz J=
oz mE 5y EE AJEEE B0, 0 Z0S Fe AIZSl LMPY] BSEC UU;L;\: 2t &l demand schedule(Ot2/E&)E HIE
= .
E - LSE £22/2 228 5| ARE U NS 27|
e A o
= S (BYYPTZ22 NTE LHI)2 ALTO2 HAAIZ0| L&
s Ao EHN)|= MUAE L= AAIZFAIE SE0 CHoH AdE8A0]

NN, BLLMP, 24, (iHI2ie] SHX YL = AW S = .
Reﬂ“‘:‘m 2I2Er A, regulationAl E pai =M A _g_&l /\—I Hl ﬁ DH
’: CSHETUTS SO H2HAUSS BLAH0 MBS
- HAHHS, HULMP, +R4F, UlHIZS SHH F2IH ; _g_)(\_ﬁi?él— | |§gl }\|. X.”é@- |,
A e eper - SHEANHIA DHAH EEHIS 2el = M3
ST PIMOIl 2Bt VISEANXSHAHEE 2HS Jots AL
aA2eg +32&(ancillary service, +3 LA ) - lex“Ilﬂlg’ $$8+U|g E—(I gi_ulg% gil-}\l I‘”%SI’@ OF H g%

S| A
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o MARIAIE SE

Real-time balancing market

HUAAIZO SEMI L AAZIAE LENIAS Sl

A EE 58 24

- Rebidding period : Jt&otLt ML AIE AHEOAM

NMEG X 2 A= A2 HUEX AIEAA
AZED| 2ol rebidding period(2F4AI-6A1)0
AES T = UL

ATl AIAE! SAOIOIE Ol D=8t 58 2tHOZ LMPE

=

J A2 two-settlement
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e

Day Ahead
Market

Scheduled Demand
Actual Demand

100 MW >
B2/ H 105MW O I
Day Ahead LMP = 520,00 & Real-time LMP = $23.00

ln:? =100 * 20.00 = §2000.00 -n:‘? = (105 - 100)* 23.00 = $115.00

; Total Charge = $2000 + $115 = $2115

T if Day-ahead Demand had been 105 MW = $2100.00 (20 X 105)

Day Ahead - % ___

Market

Scheduled
Demand

Actual Demand
Day Ahead LMP = $20.00 é Real-time LMP = $23.00

_T:‘W 100 * 20.00 = $2000.00 'I*':E,\ ={95-100) * 23.00 = §115.00
‘ . credit

:,J, Total Charge = $2000 - §115 = §1885

= if Day-ahead Demand had been 95 MW = $1900.00 (20 X 95)

Day Ahead

Market
e Real-time Market

Day Ahead LMP = $20.00 é a Real-time LMP = $22.00

'f? =200 * 20.00 = $4000.00 v:? = (205 - 200) * 22.00 = §110.00
an -

_F.:.} Total Credit = $4000 + §110 = §4110

5 $20.05 per MW produced (4110/205)
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Jtat el =
ik AlI}j}Di__I OI»OS;;J.
2AES 245t Y OHES ER
Due o prtiem n i | O B IO} A ZO| BOIROR M AZl o1
DX 20k HOB AIZHA0| & B510] 4

Bt 1 P e st Peige (AP i e K

Real-time Market

[-2006'= day-ahead BZ LMP%} real-time a2 LMP ]

- o )
Day Ahead LMP = $20.00 @ Real-time LMP = $22.00 et L= \
S—

85 - 200+ 20.00= $4000.00 = (100- 200) * 22.00 = $2200.00 .
payment | i
4 Total Credit = $4000 - $2200 = $1800 -
“ $18 per MW produced (1800 / 100) : R e =

B3 &‘IOI}\l Xb jl./\l—j-l EH E|—')
JtAH2 Bt (Virtual Load) : %AI”OHA-I HMEAS AtA
AANZIAI RN O dEE Hlt=
o A
SHAtR 2 (Virtual Supply) : HYAZOIA RS 2D AAIZ PIM M 2& & A
AMEOA O HSES CHAl Ab= A e
HMUAIEUHA ?DH(“FDH)E M‘='ok(4—:’)9+ S8k 29
S0 AAIZEAIEOA AIEIIZoZ HAL D] H20
=20t H P Hel.
HUAE IHASS(RH2 AAZAEUHAM HLIFAD 2
=0|gdoz XS AMECH.
Ol) ®LAIE JHAIZ 3 100MW -> AAIZFAIE 32 OMW
Day-ahead LMP=$20, Real-time LMP=$19
Total Credit: $200-$190 = $10
/'

100%20 (0-100)*19

R
£

22 24




dANHIAS &F
Point to Point (PTP)
= Firm/Non-firm, & J|(&)/S D[ (&/Z=/L/Al)

OASISOI A PtoP
SHEAMHIAS & 2510 0F 8tCE

« Firm, & ¢t
SMAMHIA QPO
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2003.06 0| =) : &2l FTR 01 + ARR

| source-

O0IF): Firm& & AHIA D20 A
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0

&2 = & (annual auction)
« Multi-round, Multi-period, Multi-product
252 Al & (secondary market) - 42 1 2
< J| BO0HE AlSS FTRS E0OH & 2
2 =2 = & (monthly auction)

Tabla 8-4 - Annual prices for FTH obligations

% H &2 S & (annual auction)
Multi-round = 4round

* Round10il Al HS s 2l 25%Jt 204 & C
Multi-period = on-peak, off-peak, 24 Al 2+

o 24A|2t=2 =2 on-peak=&~3 08A|~23Al,off-peak =

T2 Al

Multi-product = obligation, option




Simultaneous Feasibility Test

130 MW from D to D

Sundance
ﬂ 240 MW
Under the Limit! Thermal Limit

D 130 MW
Brighton B = &
600 MW j‘ 1 bl
& E 420 MW
A 7

400 MW from E to B E
=
200 MW from E to € = 370 MW
Alta 400 MW _’.:u \m &Sohlude
220 MW from C to D
70 MW from A to D Park C'W 150 MW from C to €
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Simultaneous Feasibility Test

< ARRO|gt?
HERRIO Firm SENMHIA DM 2= el

% ARR 22 Xt=
FTR GEte) 2
FTRZ HtZ =+
[} 2=2 FTRS : 2
2ZE ARRE RXI5H0! FTR

2
=2
>
by
o
(8]
my
FIO
HU
1o
I
@
!I)
Q
=5
[0}
o
c
Sj
(Q:
18]
M
1o
om
%

S =5t 22 ARR credits= Hl gl

“» ARR credits XI25t7|0il & Z 0140l
E ZNEERB i ARR 2= 20|

B2 A4S0 2 ZoH4 )
XeE £ Uk

FTR Buy Bids
| $5/MW Bid for 40 MW A-to-D FTR
$4/MW Bid for 10 MW E-to-B FTR |

$4/MW Bid for 10 MW A-to-D FTR
| $4/MW Bid for 00 MWE-to-CFTR | Max Revenue

FTR Sell Offers
$2/MW Sell Offer for 10 MW E-to-C FTR
W Sell Offer for 10 MW A-to-D FTR |

«NOTE: ALL BIDS IN THIS EXAMPLE ARE FOR FTR OBLIGATIONS

30

ARRs provide a revenue stream to the firm transmission customer to

Entire PJM offset purchase price of FTRs
System Capability Annual Allocation

ARRs N Auction
located . | Revenue
alt NS | Rights

1o bidders
e pace)

tl .in - . AnnuaIFTRAuclio-n .. ﬁ
lin
W) ey gl PR $ X

Hourly

Congestion .

32




PIM EEZ A&
(Reliability Pricing Model)
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Distribution
Company

PJM System Operator

Transmisslon ‘_;- Load
F(o

sy

Generation

s

Determine LSE Peak Load
Contribution

Serving Entity




< PIM &4l “pure market” approach

S/kw-mo ICAP Stack Clearing Bids & Offers
$16.00 - e 1
Cc
$14.00 |
$12.00 LEEi - —— — |
$10.00 / )]
Fully Awarded L
800 | e NSEE _ _ _ __ |
$6.00 A |
$4.00 |
== LSE
S2001 —  supplier [Partially Awarded
50.00 - - . . T T T T
[ 50 100 150 200 250 300 350 400
(a) MW Supplied
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RPM (Reliability Pricing Model) =&

< FERC 20063 12&, RPM 52!
% 20074 63 RPM =&
o H STAIR OF
NS 2T
« ->|ocational capaciy market
SEN LQIAN0 2 YA HES
« -> variable resource requirement(VRR) curve
] A (1

o > ZA 18 A2 3H A B 0K

38

f== @ = & (variable resource requirement curve)

00
o

X3

rx
H

HoKE A 1

m

=L ED

o Wt 2tEE SHESE 0l 2216H0 Local deliverability areas(LDAs)E Uts
d SHEEXN G HIEEKF2HS] IHA XH0]
% LSE= XHAI0| &8 LDAY AR EORE EXots YHEHS ESE

S| E JHAICH

capacity emergency transfer limits(CETL)2| Al 2f
Z 2N 20l binding® 2 & 0t2 0] CHEXIS 0l BIdh O =O0&ICH.
Locational price adder=H’|2fX| 2 Z Z It A-HI M A X S22 & 0tA
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NS ZEAE
locational capacity market

% RPM Al ED] : 2007H062~2009E 062
% 23 LDAs M2t -> M= 0l= 34 LDAs

YT mmgmv

PJM Local Deliverabdlity Areas, June 2007 to June 2010

PJM Local Deliverability Areas, June 2010 Onwards

CONE : cost of new entry(X| <
NRO : net revenue offset(X| < %‘)
s HIUXIREZAMEBIAANZOA La8s :!
X0l A (15% IRM)OI A S &

=g
2AXoIES Ot
82 SHXI(15% IRM)0 A 2 H /0] I} = I} 2 et
L AZEIEO Sl HHXRLAENN 2= =L 2T
AL Z0H0¢ @E.

mmmm 24 1969

tXl 28t SF22 PIMO| THAloH A Z0HE So
D I HIES LSENAN 202

Capmaty Prios (Ege)

R iagaci Pase g
- 3 years
— 23 months -
13 menths
7 4 months .
June May
| =
Salf Supply &
Bilaceral Fexy &2 2l
Designat SYRNYES LS
Base
Residual VRR Z&E ALZ5HXI
ction ore
Es
VRR 248 Sall
A= =4k P nlin il 1
Auction | [Auction | Ilocﬁﬂn I
| ©Ongoing Bilateral Market




Incremental Auctions
Conducted after the Base Residual Auction for
changes in market dynamics

Increase in Load forecast

mks

Decrease in the value of resource commitments due to
Jresource cancellation
Qdelay
Uderating
EFORd increase

Odecrease in the nominated value of a Planned Demand Resource

Qdelay or cancellation of Qualifying Transmission Upgrade.

45

Incremental Conducted Demand Conducted
Auction Why? When?
18t .
Value of Buy Bids 23 Months
Incremental Resource Submitted Prior to Delivery
Auction Commitment | By Participants Year
2n Load Buy Bids 13 Months
Incremental 03 Entered Prior to Delivery
Forecast
Auction By PJM Year
3w Value of Buy Bids 4 Months
Incremental l Resource Submitted Prior to Delivery
Auction Commitment | By Participants Year
* Incremental auction®| A= VRR curveS A0t Xl =Lt
46
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