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A Study on Ensuring Sufficient Reserve Margin in Electricity Market - Focusing on
PJM Market

Keun Dae Lese

Abstract - WMo 2, AYANGL HF715 S Fd
o g% £29 F¥E olFrt, A4A AR vt
AAEE 8l FFEdE B2 UL BESD 8
2o 8 4 59 g Y. o8 22 F
HAge SAY BAH2E J1E 9T AR &7
2 gy EAvl Sutdch B AP E oA gEA
FolAel 71E4E5E BdlFE EBE Ad £F9F
mechanisme AE§ PIM AZE S22 ¥Ago
24 #9 AA AR By du g dAUEGE B
Atz g, gy, B A7 e FF 39
AFAG AA L £ 9z D},

.M B

AN Yol BHog ¥ede Ede AYFF A
H5g gdste oA FxARY f-59 Aduglel
AZIALAA AFE Aoz FFEol T g7
St A4 mojARAdE U A8 FrieiAe
Ao EbtEe] MY A FFL F8E o
Froict. AP FF U9 FHE Fad Ade JI=
(reliability)elt}. A& == AP 4 (adequacy) s 3
E(security)2 FAHEA U, =@ FAP4e oA
{generation) 343} %4 (transmission) P42
2 FEEY, & =3dAs 238 AN 23S 23
A du]ZFY SEE AF WEES R g

2. B

2.1 HN Mu|EIe $5 W4y

g Au|ggy gud 43 4949 g2 2 44
wleze Al (Market)ol 2% W3 FAA EeE
AL EHA[AAHRTO) ol 2§t W4 ez AEHA &
#FX 3 (Capacity Payment) o] 1ok, A wis 9
e AE(spot)NF 71FA5] &G TAL #HA,
AE, A 24 B9 FAAA ubet Ay dugF
g BEstE WA o2A AYFF HjdAte ol bl
Z A FYolA go] o] AL HYs £t T WA
el e AA Alagle] Aol TASMY FAFIH] F
FAGA(LSEY A Hasel A¥duy 8
(planning reserve requirement)$ Z#ddle FoE
A ulE PIM, 78, RUFEE AFAM o] Wag
Adsln ok Al HA WA e NETA AAe| A =
of AEART ¥, tdolrjelyl Fola AlFgsln
g BAeg wHAIGAAA £k 2 sH8A dF
AAEIEE F7] 98 LOLP, VOLL, 7144 % 7%
o 7128l 2FeFTRAS dFe AAgE dng,

KERI

W ICAP or other capacity market
W Considering capacity market
B No ICAP market

2.1.1 297 Mg =Y

Aol 9 AR (ICAP) FAEAEL dUAAF
Tke] 4¢lo) o& FeUtonE 2RI B AEs} H
A Rate] Alzhgle] Bag duE THHA ¥ + 4
i FAEG. olEE duA SEANAG g olEH
o2 7t%d ol ddRoz stedA gum Le
. oz 2EAZRd] Az 2ABds AHME
R 71X 88 A ECl oy A WA AAF A
Aol 2Aad odrldle F48 gL 2EAgd £349
4, AYE ZE AU saA9 FEA, €¥F
8 ZEA, AdAHe] g v¥E TF EA Sl
g0l k. F A @ A HA 24E Jigel & A
Y8 AlF4HA (functional market design)® AR
vl & (market power) ¥A ol EHHAoZ olF
88E 2% 5% AFL B &€ Holvl weg
A, o1& RAF] f3d RAH dAYE =¢o] ¥
L%Y 8395 2% oy =X F9 gh}ojr}

2.2 PUM MulB 3= segy

PIMeY AAZARE PIMT HEAZEAYF(RAA
. Reliability Assurance Agreement)$ A @& 2
Fodtdol @l RAAT HPAdul3d AAEE o
7h- 8837 48 adE FHslm 3ok RAAS ¢
Mg fafre AWAUAAAALI(FERC)F 4
A EHsn ded PIM AFe AYFIFAYA(LSE
: Load Serving Entity)ollAl du]&& Sgorg B
Agozd AP gda MIAEE A Ut o
stol & ool el A8 AR Fo)

2.2.1 22982 Fou

PIM AF X353 (Reliability Assurance
Agreement @ RAA)E PJM #¥FY Uy Axs
243871 8 PdMel ARF SxAduiF A Fol da
¥ 2 LSEY 9% E A AIznZHRPL F
3 R duige] A PIM #ET7He FaloA
A 23 AU 2E A Fste Rl M= E 233
71 98 wEoikct. PIM AIE AddE AFPERS
HEe FEo2A 87HE dEAMY LA (Forecast
Pool Requirement)® PJM Al=®le] HA ou|gna
A (Reserve Margin)< A 3},
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o PIMW RE HIFFAGR(TEHAAL 2)1A
gsEi’Qﬁ%"’ﬂ o Asle] &R RI} H
¥ GRLY ArE BuRsld HPdueE o

ste] AbgEte APdulge H2 3A7 %
18~19% %9

oA¥rIZE AF 29Ad NIA=43s AYr)
2] dujeu|&utA (IRM ; Installed Reserve
M%rgin)°ﬂ o Iy day MHu L3
:J}

# PJM LSE ¥ PJM &% $o] &g MIx
L3N 23

o A9y o2& (Zonal Obligation)e& PIM A
Ao i v IRE sz dd EsiEAN
oz} 23

o AYFFAGAS LR EFL AgIAte] 1A
Exol A RS] it 7oz whal vfd A4
* ‘3%’33%%5‘}, AdE HERE, €48 dyHR

B o

2.2.2 Bz AHM - Alz]
|Fej 22 O3 olele] A wed AiEd. £33
gyad glo} 3l WA gAldME Aade] dadaid
8] 29 FPL(Forecast Pool Requirement)$ AAt
Sty HegA oA (1+IRM)(1-FOR)Y Adtd] ¢
3 FaAG, 7] dof FAHA 842E2 = IRM,
FPR, FORd, Unforced Capacity ¥°| %c}. IRM2
Installed Reserve Margin® 24 A|Adle] AFzg
B3] 8 9ad AviRA Hadgdor 3 oy
HEES o@ 3ol "ol 48 9 LOLPE 1@
19% %°) IRMS 3#ojtk. ¢ FORE Forced
Outage Rate2A HFAAAEE 9ulgict, FORel
.0843%9 A%, FPLY & (1+.19)(1-.0843)¢
1.0897¢] €rc},
5 WA dAdME PIMe EAA R34 duer s
Adste RezA o)RL AN g adn 4
44 advZ(FPL)E J8ozA Fezc. o449z
+87F 54,650MWSY A%, 34 Rxd dHleRe
54,680%1.08972A ol 59,552MWelt},
A HA SAdAME ol3g Z A9 AHIFIFAIA
{Load Serving Entity)olAl 833t} o4& Fo o
= BoAlRiRle] waRE Zld=rl 500MWe B,
o] WA A7} FFalor & Au]Re 500MWolth
FPLY 1.0897% #§ 39 545MWel Zojth, ¥
d 9d o] #ulAdAYE FEESIEE (Active Load
Management)& 84-& A% o1& #g¢sa] 4ujdF
7t AREY. fERYSBEE PIM 93A7 Y R E
FaA7le 8B E Auidc, drlde A4l
Alolgy EEEE MHAse AR YSA o (Direct
Load Control)® X#®ch magd, faysidest
20MW<Sl B2 #@aAdasl ool & HEA
’5391-?‘\‘-} (500-20)*1.089724 & 523MW F&o}
=

Unit Caloulated Methods
Peak Load MY Iput
ALMCredits MY [::jkm
ALMFactor 28] 0968  PiMinpt
Diversified AMCredits M ALMCredits * ALMFactor
Adjusted Peak Load MV Peak Load - Oiv. ALM Credits

Instatied Reserve Margin (IRM) % 19 PRt

Pool Wide 5 - Year Awg. EFORd % 843 M input

ForcastPool Requirement (FPR)  FU 1.0897 {1+ %’ifg‘ ) 334.%% )
ity iy

Unforced Capacity Obligation MW _ Adj PeaklLoad * FFR

2.2.3 8392 Muida

PIMe] AdujeRolg s & oAzt gHaok
g dadve Fag 2AAvlololo}l d}. B4 ¢
el ol A B 5 e uis} Zo] gy
o} vl7l24uF BangduE b dust e,
71848l 222 (operating) TRAu s} sHgshd
SHFo|A g HAGHE ouiFg. Eag dule
A 3P GAAEg RS Q8 2FFAE
v 7H2Aul g onjg)

oy

Forced

Unavailable <

Unforced

Planned Outage

Available

2.2.4 PUM UHEY AYIX

TAEF A¥FAE AL AR/ "Y o)A
AZsed 2 olfe dAEY, daFdFETY, ¥ 4
& A% A So] WAy oI, dF o]
Ae FARY AEE S AR #At.

02000 2€ 159 : A1 Zkel] Al wjEAdA
9] Rald& A2 2 APRFA] ALAY (A
FANEA) A%

020009 49 30¥ : RAA-AMI =YY LAy
Hopa A3
¥ ojulgola e PIM AMRZ (0D 9§ ¥4

I AgA439) 34 B A BeEA
A29(LAS), ¥38 .+ $F29(L&CS), &4y
7H24(GUS)Cl 9% 7163 FE] A
sted A3

02002 6¥ 1¥ : AYrizte] P LJoR
(i?acity obligation) E#¥¢Y R U4 A
A} &

obefl 2¥-E 2002/2003 AY7Ite =3 £AEolch.
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2% el Ot22iDcadlin

(X X]
Jan 1 ARAY FAPE FAR oAl BR

Feb1s —| 2000 |oieis 2908l ws)l A0 A Peted
ARl o 4G - wdsl 54 dadelels

=1 243 [T assgds 9912 A3Ess ¥ hRyGIALL Y
{FPR, AN Factors)

pam| AR AR A ST 4 I8 BERG

= Js=dds A9y Fagel?  4d oRueg $U

Junt 7] 2Ed 'y
13 5%
(A5713 A8
) 713%
Janl 2008
] \ 4
may3t — g% [— I 3

Buy Bids Sell Otters
Price | Amount Price | Amount
we HSIMW.day)] (MW) [w [{S/MW-day)] (MW)

5100 25 365 10

590 30 365 20

$77 50 $70 20

370 75 $75 100

bom $65 100 |" $80 25
Supply Versus Demand
$120.00
__ $100.00
.'3' $80.00 e Demand Cune
g ~‘ i — Supply Cune
2 S0 o . ' Marhet Cloarin
2 H ring
g $40.00 1 MGP = 573 00 e Price (MCP} is
- whare supply and
S $20.00 curves
oS MWs Cioar intersect,
30.00
CRRIYIBEIL S
Quantity (MW)

2.2.4 2293 o|d

PIM AlZelA AHFFAAR(LSE)E AAMLF
(Self-generation), %A < (Bilateral Contract) &
€ 23dAF(Capacity Credit Market)& 3] £
gol g oI Y £FALE FHHd. wY 39
F uojgAd = §FFF9%F (capacity deficient
rate) & A gk d=d 20029 A CDR %<&
$174.73/MW/RB o]},

2.2.5 SZAHA|Z (Capacity Credit Market)
PIME AFZAR7 £ AT & I=F £3F
BANZL NEsle Sdsta Yk, AT, o] AFL
BE AAFAR g FH oz Fodol sl AFL o}
yn £FAAFS d9AE, 434, 99 Age
2 FAH Ao,
o #499%(Operating Agreement)o} &JA &FA
Z AR E AQFEG AT g
0 ¥ZA Z(Monthly Market)S 999 £33 A
A& 8] LSEx ¥53le JF4ve3S g
53—1'- A AfFAe /M4 AYEFS B £
¥ 19989 109 MgHEden 19999 64
e-CapacityAl 28l7te] £§oz2 AAJ} 2%

2t
odey £3d AGe FFAAALLSE)7ZL 49
YFAHULFE FHEY £ Yu Y LFA7 7
4 8F& Ba¥ 5 Sl A
¥ YYAIA(Daily Market)& Z7]d JLdA%
T EgEAoY, 19999 24%H dd(%
Aoz Ay

2.2.6 ¥9% 283

PJMe &FoF Azd ds AFE + sl E43
o2& A, §FYF FAATIE A A dAd
Hl9 83 QAR gede Aon, g4, A 4F
7L A& ANskE 7S wdaAl Rdde el
ok A, ICAPY dig @714 33 ¢ +2 €4e
g3 E4E Roloz HulFedae 9 71 Fe
AU RFA e FEdd sHFclge 394 sHAWE
#B49Y & 3id.

3.2 B

ZEAZAAE AFA fFAsCE & A7 RF by
< B7AM =guret o] gt AT, E AR
c2REe AYFdo]l EiMeT el AfAzde
gL 3 Aol FEF ZFAE F2dde HAo
Q7o AP FF L 483 2AANAE &+ e BHF
A7 B8 £E Stk PIM A A 2& &%
gRAZ dEHolgn & 4 Qo). AW, LFYF
olfldlz FFHAAANE BRIV T dete] Ed
LSEdA %A <A] call option FERJTE 7
FHte A= dgte] 8 § Yo =F, AIAE EAS
=% o FFET FRIAT F22= FaFd &
ogfol gl FaZcMe JIE FAE AT Wt
2y AT g93iA =9ddHz e 2% (demand
response) ZTRIPL L L EEo] gt uwakA,
SFARE R AUIAE FAE AT I PH S
T8 A=sle =97t FF APA A9 AHAE FA]
& 93l d4FHoz aydntn
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