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(ABSTRACT)

The 8th Basic Plan for Long-term Electricity Supply and
Demand, which is an implementation plan of the energy transition
policy, expects that the portion of renewable energy in power
generation will be 20% in 2030 and that its capacity share will
increase into 33.7% from 9.7% in 2017. As power generation
from renewable energy sources such as solar power and wind
power tends to show uncertainty and volatility, it is required to
improve the electric power market institutions in order to facilitate
power system operation and to increase efficiency.

The purpose of this study is to suggest a reformation plan of
the electric power market institutions for designing a cost-effective
low-carbon power system. The specific goals are established as
follows. First, this study shows how energy prices and reserve
prices are calculated in foreign energy and ancillary markets.
Second, a theoretical analysis is conducted with regard to reserve
price and real time market. Third, the study constructs a power
system simulation and compares the settlement method of energy
and reserve in the domestic power market and the co-optimization
method of energy and reserve in foreign markets. Finally, policy

implications for the Korean electric power market are derived by
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combining the theoretical analysis and the simulation analysis.
Main results are summarized as follows. A simultaneous
optimization of energy and reserve reduces the power generation
cost in the current way of reserve securement. The reason for this
reduction is that the systematic optimization process can secure
the reserve. As energy and reserve are determined through
optimization in this simultaneous optimization, the cost can be
minimized. In addition, the simultaneous optimization is able to
prevent a price reversal in which a reserve price with a slow
ramping speed is higher. Therefore, as an alternative to an
expansion of variable renewable energy sources, a more effective
reserve operating system needs to be established because it can
provide appropriate incentives for reducing the total cost and for
increasing flexible resources. Second, a real time market needs to
be established with the supplementary services market. In the
electricity market where no real-time transaction is possible, there
is no obligation to fulfill the dispatch plan because the
two-settlement is not made and an increasing Constrained-off
energy payment (COFF) can’t be addressed. Third, the
shortcoming of the market which grants only transactions of the
previous day is that the load-serving entities are not allowed to
take advantage of demand responses with price signals. In

addition, the real time pricing system is a key element of the



smart grid system where demand and supply interact and it is
based on real-time market prices. Therefore, establishing a
real-time market is regarded as a prerequisite in terms of
technological and institutional aspects. Finally, the SMP, which is
the pricing system in the current electricity market of Korea,
requires an elimination of price reversibility and an increase of
reward for flexible resources. As a solution to these problems, it
can be considered to introduce ELMP, which is a pricing system
adopted by the US MISO. The main advantage of the ELMP is
that this system provides price signals containing gird conditions
by enabling both gas turbines with quick start-up and emergency
demand response resources to determine prices in energy and
reserve markets and that the system reduces uplifts. Furthermore,
price reversibility is not made as prices are determined only by

variable costs.
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Z2]: Hirth(2018, p.5)




8 VAR B AR ARG HAks
o

o A

dhdo] S 2 o] wgrpk APAGe A 9E SHERe
st e dAHAAAE FASAL Arh@FHHAY L,
2010)

Lt, EXAMH|A A|E

1) BzAN2 Ao

Bz 2e T 24 9 2HA7] 5 (Black start) 7157 22
AHAF| A =E l%r‘s}t« o 83k Mu|2E L) o]

AH 2o gk BAFS H|87]¥H(Cost-based) T Al7RE
(Market-based) 0. &= T2 F Utk H2AH|Z~ FgAlAl A&
+ 7HA& Aul2E AFstr] 913 A Hl&-E HEgsted ol
HEARAE AFstr] Al dfstA] & oluA e gk 713
28 E33K(Kirby, 2007).
u= A dyA] FAI9 Y 3] (Federal Energy Regulatory
Commission; FERC)& ERZAH2E AEFg ¢35 A Yst= d

g Aulzold 4 FDYEt AP FAYL FASHE

<

=

o) -2t FYFHFERC, 2016).

ATEBAEY AR EFAF o

o)X YA FS PRI A EE %11'8}% o 283 AlFEH
o 2~

HeMulz A hd We< T At o] HxAn]

oo
f

M2 HMHEAYHME Hlw 13



dibz o Fubg 24 M|, g7 -giAldu Y B A
So] 23t} o] F FuxAg Aul2g thr] A dn g Ay
2= AAL 7o d= BzAulsoy nw WAy TuA Ao

R
rr
fz
B
X
ae
[>
z

e mE st dnRlgs RSt Zhou,
2016). ¥HH FE8HY FgFo|y AAVE T YA BAH 2~
A 3 WHAHOE Aalme Axt 3ol

FukrzA 3 7] oA o H o

2) egoulee] Hojsh BF

o] g THEla et al, 2011).
He AR F2lo] afet o2 7hA FEek A7) 7h
A W ofue} FFRFYY FRY AL wet FEHE
kAo g AT FIFE EFste AL
AZ HPATHELo et al, 2018).

173} Fupg Aole 77t Al A AF ge Az Ul &
ot 292 AT o= BN Aol HE 2As= 247
(Governor) 3H2 B8l Fu Wslo] AFoE gt & A
1t &9t SATHEo et al, 2018).

224 Fap Aol Ao Furt 12 T Aloj® 3] 5o

rlo
>

&
o
[\]
=
B
i
o
(U]
L
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57 o AFOR 4l & Ul BRI oY naHel F
sh 2

245 W Ao(Automatic Generation Control, AGC)
2}l h(Eto et al, 2018).

[12! 2-3] Z=m4 2720| 3ch| IHH

Arresting Period

Matioumng Perod Recowery Persod
Hyr
IR
l.q‘-. 54 Lkt
:.".
[
3
55 )
' e e e
[} 3 o 20 0
Mrutes
R
i = s -
—_— - . aliay g ¥
b‘ dmitiditil imagniia |
A
/ 1
£ e mns e
o m o] 30
LT tit

33 Fae Aol 13 EE 23 R Alo] WAUEL B4
5o Fo57) S8EA ke w A5aT 33 794 Aols
202 ATLYATL +EOE AR BAre FAL 24

s 23k ZdelthEto et al, 2018).
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[C1¥8 2-4]+ Y|= NREL(National Renewable Energy Labora-
ory)el ZHo) we dulg BRE et 34wz
(Non-cvent) 43kl Al A& ouldsh Aba(Evento] ol sh=
Aqulgd oz FEL 4 thEla et al, 2011)

[O3 2-4] 0= NREL GiH|3 25 Al

Dperating
Mon rvr-_rjj.--"'_-- ReSEn/E ----""--__L.w:nt

Regulating Foliowirng Contingency Ramping
Reserve Reserve Reserve Reserve

Angtamatic FAamnual [T Hon-irgktaniansaus
Within esptirmal Part of agtimal -,
dispanch dispatch i e

g g g £ E£§ 1z &

g g = E E] as= i 5 g

= i e = ] =

3 g 2§ "§ g% %

E = ) B | = £z 5

A : 3 3
M : :

Z3: Ela et al.(2011, p8)
HIALTL of|n]e] = A oH] 3 (Regulating reserve)S T7]A 3}

(Following reserve) ZA B H 3 B3k WA ow S|

= 29 SEERet ENEEe] Aue HoAM =4 AN
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rlo
£
oy
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o
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oy
S
=
S
T
riu
=
[u
o
L
)
)
N,

= 2 S & divlste 33 Fak Ao W
2,12 2 23} Fu4 Aol Fuav) 3B ¢S A A
FAre] AAdl o F&EE onFo|t). Alartin|on]E &
ulE s vlEFdR A dRE) o2 UH M &FonEe
ARl F¥xAo] 7hsstAT th7] el AlFel MU=
skl lofoksim A AGH AZE Ulol] MES AY4kd 4 glojof it}

GA e Al EA Y BE (0RO 8 FolXth AlatiH]
A G- 30804 1AIZE Abe]d] =¥ SHER 7]ES 7HA
™

LA E fA5 L S B8E §lTHKirby, 2007).
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9. ulZ A A=

n=g 78] AYAEES &F FOItH[1™ 2-5 F=X]). olHd
AEANAEL SHAT =Y A (Independent system operator; 1SO)
= AY$H 7] (Regional transmission organization, RTO)ol| £]
3 FFHT o5& AMHIA AHo FHIIALS st oY
A&} REAH2E 98 ARS 93 AsY AFEE AT

Alo] etk wl= AHAR F 20159 7HAAAAEA S A%

of

AME A EAT-=Y A (Midcontinent Independent System Operator,

MISO)7} B@3dl= AEAZS BHES St

(32 2-5] =0] MIAE K=

%%): Zhou et al(2016, p.3)
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7t MISO MEHAIE M=

MISOE 19960l A= o], ml= AR Ads E34 v|=
1578 = 2 7T 1 +9 HE F5S 29935t e A% &9
ZHISO) ¥ FA% 7]FHRTO) ZZolth. dAl MISO+= ¢F 65,800
ntd o] At $A%H F ARl &F 191,062MW, 6,64071] A
g 2YS $Y9ITHMISO, 2018a). [1H 2-6] MISO AZAH
o] MY 2E Ve ok

Z£*]: MISO Corporate Fact Sheet(20182)E EUIZ A+4

M2 HMHAYHM= Hlw 19



1) o= A%

MISO= 1417 @9 ] 8hF A AldE 9 oItk MISO9 38}
F A A ALY &7 Mol AT dEske AE A
S 2A, AFARIAl AAIZE Aol MEAol tiet
Te A AT LIAR stolm Aol i
Hato] ASANHAEE FAE & AEE A=A ARL,
2017).

NBAZAREL 37 A 24 10A] 3027HA] SEH]E, F-5-5}9]
& B 7]sHE2 dEstolok &, MISO= 4Z HolEE 7o
=2 I F F7e HH3E Ao Fydn. A dAs A
$l(Security constrained unit commitment,
SCUC)S F3ste] BH7]o 4 Ju(E £=v AA)E A48T
o 7 WA= HHE AeF 7A| 5% (Security constrained economic

dlspatch SCED )g T3t 7)Eo] AAH LR AAAER] =
==

—u

Y
1
ac)
il
4
og){é
rﬂ
o
=
N
O
rlr
@
>
W
(@]
‘{
=2
>
o
o
ol
>~
mlo
do
ok
>

3
AW 7HA(Ex Post LMP))<
MISO9| AAIZE A EFAIA 7]%9& 3083 &S 1t

H=
Aot AT $4% 2 7IE AL, dUolEd 5

3) 2 SAZFEMMP) A AAE Y82 B35S A A,
4) A% mAE J}AEx Post LMP)S ELMPE £22t}h ELMPo| @3k AA|g A
g 5 A MEAAARE HE2T A
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U, W] FadS HRE

b

= 1l
/‘ﬂ]%ﬁ(SCED) T3t A= Ao

(MISO, 2018b).

MISOY| A3 zte abF A B AAIZE ol|A] Bl B2~
Aol AHd2 el Aol dF ARE A=l okgith. Al A}
+ A A, 7883 A4 +3 1 (DRR typel), FoN-& A
3 2(DRR type2), #F ©HlE7] A¥(External Asynchronous
Resource), ZAdvg & A HEAZAAN= FEEH
(MISO, 2018f).

St A A JF AR AAZE AR JF ARE A2 Faet
1 Aso R ATEHA Gornw Zh A mE dFs|of . o,
Q7F dolEe ¥ 2 W= FYSTHMISO, 2018H).

W2 A1 (Generation resource)™ DRR type2+ S22 FH| 2]
Z 257 279k o= DRR type2o] HaltEe M4 7
Y A A5 d&5H0 8 s AT F 7]
t}. o]o] wg} DRR type2: [18 2-7]3 2o] £ZZ(Slope

= E5 AY Alde Ho 1073t el
MW} 714 9] & #(Pair) &2 Y3} ojue] AES MW 7}
Ae| o] WtEA] @2 FTIsoF ftth= 20| THMISO, 2018f).
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4z o
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[12! 2-7] 22T Q(FNe} 22 ()

Fres (i

Z3]: MISO(2018f, p.117)

(& 2-1) MISO

------
Mk Cifler

LTI, DRR| HIE 2UE Xiz

AE H§ AZ(29)

A 2 DRR type 2

A 23 24 (MW, $MWh)

sl 23 ($hr)

ZAoHE SHYMWh), TILEA] Q3 $MW)
% ofH|E Q3($/MWh)

7] UiA| dR]E 23($/MWh)

H57] oA olu]e .3($/MWh)

715 vl 25(9)

DRR type 1

oA 2 (SMWh)
ARPE RPRE 93 (8h)
32 WG o3 (§)

&% ol 23] (SMW)
oAl Sl o3 (sMw)

Z#: MISO(2018f, p.78, 100).
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il
J
o
fr
1A
M
ol
I
fru
L
Ay
il

1A DRR typel & = AgsiAY =
= AYsA g F UM A4S 2T mEbA oA dF A
S+ DRR type2°l HI&| FASHA $/MWhO.ZTH A Z3FHMISO,
2018f).

AR Agaego] AHH AUA Aol ek Aabke aF A Al
oMol AgES skF A AR 7o g2 Aikstar AA| s
sk A AR ztole AARE M o= Akt o] T LA

(Two settlement system)S 2-8-3+t}.5)

2) 7HAZAAA S - ELMP(Extended Locational Marginal Price)

ELMP= #7Hgtba< 24astr] fls) MISOOIA =47k A&7t
A47 W olt}. Gribik et al.(2007) 7]1&E9 AR7IEZAA WH
o] theto 2 AP Frms RF7] A% Al 7HA] A7
AZA WS AR

A WA= A ¥ (Restricted Model) 2.2 715 X A & ol A
ARG WA 7158 A HAME <l dvke AL AAS A
ATd FAANAEY &4 o|MFE 7| FZAAYY] HAHE 1L
Aot A&t Ho|CHGribik et al, 2007).

& (Dispatchable Model) .2 £ ISO° A
A A A Eds 1 Pd mdolnt 7| & ofojrjols B
ANA 71& H BAE ABs] S8 a3 ol WgE A% W

2 glsto v &3rE ARSIk Ao tH(Gribik et al, 2007).

i

zl
3
<

—n
3
)
fr 4
z{
>
b
o o

5) oAzl g AT A A3 27de] AARE AE FxT Al

M2E MBAEAME |l 23



AR S B SR AU e s ZIEE ZAkskd
£ 3(Convex Function)E Z+& Convex Hull E&olt) ¥

e Bt Aibw #AY] Wl 5 shue HIEETY HES 5

AHl Convex Hulls HE&3tH 53 H|&8FSE A &
9] 71€7] <l Convex Hull 7}H4& & 4 UTh(Gribik et
al, 2007).

13y} Convex Hull Pricing W'H-2 AA] MISOY U= A%
of 28371l A B, ¥ A o] HAZ webA
MISO+ 2011'd Convex Hulls Zheksldh A S RM7HA
(Approximate ELMP)& 7ldated APH Als) & 2015 3¢9 199
A BA e ELMPE A4 =Y3tATHMISO, 2014).

ELMPY| =9 7] B2 H4 293 A 290 5Y3, =

A" Ego=zwt 3 sbes 7k~ EW(Block-loaded

[.

-

Combustion Turbine)®} 15 F8HFS AU (Emergency Demand
Response Resource)©] U] A3} ou]g AlAtoA 714 AA
S 75 sk ROMAAES AaAZlE ATHMISO, 2014).

o REe 14 =9 7t HEl2 A& 7] E(Fast Start) AJH] 2> A

30| 7Hed AT FA AA wEt 29 -] &TbsT
WR7elnz AR7HA AACdA Add. I3 EE MISO= &
A BT AZ7YE 2 GANA i B r]e] &Y AleF

S AHgste olgdt A% 715 AF(Fast Start
Tavkg Ao A 7HA AR S 7FsstAl st
ATHMISO, 2014).

MISO+= ELMP 2@HA| A 18H S o =9 &4 7hsd 71~

o
e
o

Resource) 2 71

24



=
A=A X3 FoE T3] 9% 9 ¥ (Balancing) AL
2 7]Edtt mepA <iF 2-2>7F Yol ditdoE sk A
AN A= A% 71E ER7I7F A A eFoF Ex Ante LMP
9} Ex Post LMP(ELMP)7} A 2] f-AFSH Wb 2 A17F AjAkoll A Al
& 71% A77F 715 EH ELMP7F LMPRUT vl w3 =74 "ot
(MISO, 2014).

(& 2-2) MISO2| LMP, ELMP H|

AH LMP, ELMP H|xl
O35 43 IMP = ELMP
01/\]7@10] HZ A}S)l SO
= = = 076 T«
70 Ak S 43 LM = FLMP
A& 7 AY 24 F LMP > ELMP

Z3: MISO(2014, p.9)

ELMP 1@A9A4 AolH= 214 715 A 2= 2GWelH|
o= F HHGHANA F 1%E AR} o]F 2017W 5¢€ 1€9F

B &9 < ELMP 2@A A= A& 71E A 718 534 A

H2E HHAYHE Hlw 25



Al olF AT MY 284S 108dA 1A R St
(MISO, 2018c).

<¥ 2-3>2 ELMP 199} 2971014 A& 7] A=le] Ao E,
<E 2-4>& 7 9AME AY ASE Yepdith

(E 2-3) MISO A& 7|5 XHH Ho

TR AN T o

AE&AAZ

A% B 2247 sl Af
Phase 1 10& ol 1ARE oW
Phase 2 1ARE o] 1ARE oW

Z2]: MISO(2018¢, p.9)< Aglste] Az 243

(# 2-4) MISO ELMP 1EHA| & 2CHA| ZHut 29

ELMP 124 ELMP 227
A& 71E A 85 2GW 10GW
AARE A S % 7%
On-line A4 7% = _ B}
ANAFA e Wt SUMWh 5 | e SSMWh
Off-line 1< 7]°5 ARl it $35MWh BT $60/MWh
N7 FATN 7
A B oJFF

Z#: MISO(2018c¢, p.9)

522 ELMPY 7HAA4A4AS BHES 3t} <i 2-5>&
AT Ak ZIFAAAZY(SCUC)T HA= A AAFHAZ
(SCED)Zte] =23y ztol& yehdty. 4 SCUC GA <A =



AAY S FH3. 24
A= AFAGHEeE A7 oqyA] fgF o8&
(Incremental Offer Cost)S FHA3sl= EH7|E FHAALE 1

SHCHMISO, 2016b).

A AFe Hlge HaselEs AT A9 B 715A
>=
(¢}

(& 2-5) MISO2| SCUCS} SCED ZX{gt4= x|0|
e B g
SCuC A Als HlE-
(MIP Solver) 15784 vg + FAH Bl
SCED
A g7 v
(LP Solver) Al = e

F: SCEDOA 7154 A= ARl AAE e nz A v)g-e mEngoz HI3
Z=]: MISO(2016b, p.19)

SCED-Pricing @AoA 7| EAAAY A5 EhE AXPE Al
A7V A& A3t Ex Post LMPS F¥3t) 7|4 Fo|d A&
RV K v 2 e B = Zlolth &, SCED+ &Y%
A AHA AE %%‘% %‘& wAAEE S SAlolH,
SCED-Pricinge 43| AA47H4 AAS 3 DA CItHMISO,
2016b)

SCED®} SCED-Pricinge A2 tiAld o2 fFASHY 214 7]
e Aeste WHAA ezt lvk SCED @AM = olF]
W79 71 5ZAAG ] FHEJTG B ol BE 7]
o] 7|EHI&H FREH &S wjEH| 02 AT Eo] HAJ o
WG = 2] F=THMISO, 2016b).

1;

ol

0
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>
o
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g Al

X

71E Ao 71E

18] -]

o SCED-Pricing©l| A]
A A (Commitment) H]-&, & 7|-5H]-&3

5]

H
fus

ol

i

j

Ej 1A
A Z](Commitment)

b

»AO

B 1A A

b

»AO

gl
ob

J

o] SCUCO®IA]

2

71E A

ar

Ho

|

)l t AzkolAle] 750§ B
el ¢ Azrel Aol R yatul g

)l t AZklA ] e WS

CECECECES

Af t < MUTG)
Af t> MUTG)

SUCG)
MUT)

0

Z{On(i,t) X { Start Up Cost (i,t) + NoLoadCost(i,t)}}

NoLoadCost(i,t):

Start Up Cost (i,t):
SUC(i):

MUT(i):

On(i,t):

@ Case 1: =3(On-line) ¢ A& 715 AL(FSR)

Start Up Cost (i,t) :{

FSRon,Mne

(MISO, 2016b).

Ny

17

<

/1\_]__

1:1]'

.

@S 715 4R (Commitment) H]-E-9
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ANz Jdglo] A Al 25 gARFTHMISO, 2016b).

@ AA(Off-line) FEIQ] A& 715 A

FSR, e = E{On(i,t)x{% + NoLoadCbst (i, t)}}

2

A& )% Aol A FEl A

o o
AT ENEL H2LAADOR o] FRau & 37

SCED-Pricing®] &43o] gatste] wgTHMISO, 2016b).

MISOE EA 713 A3(eng =& £33 = A3hoA AX
BE A& 71E Al 7HE AR S 7HsEtA sHEth B8R
A& 71F 719 A TP & 01%6}% AL d= 232 U3
AE +%

B3] ¢ E}(MISO 2011).
SCED-Pricing®] A|fEHCR offjo} Zo] A siE &3ad -
o] o FITHMISO, 2016b).

0< Onlit) <1

olo] mz} ELMPE & 7|-5&A|(Partial Commitment) %S

H2E HHAYHE Hlw 29



e

T Ak olyg B54 2 BAR s Ha
5 077}%] 43l 4= ok HFZ o2, SCED @A H4
HAlofo 2 Qe AATHA AANA ALdHE A& 7)E A
SCED-Pricing @AM = HAaEE AcfolA Bloju AR7MAE
AAT 5 A ATHMISO, 2016b).

T

)

3) HEAH 2~ A%

MISO+= 2009130l =78 dn|H 3} Alartir]on| e SH S 9|3t
ZAR 2 NS NEstd T dAle o A AR AR A
B BEARZ A &Fsh oA 2 g e FAHAS
of ols) A4tk MISOY HEAB|2A AALS A dqng
2 A duig Aol aF A B AARRE AR BF "

(Zhou et al, 2016).

[22 2-8] MISO2| EEAMH|AAIR 5t2IT2H(MCP Zone)

Z*]: Zhou et al.(2016, p.13)
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MISOE A A% &3 79 (Zone) $F& 1Edle] BREAH A &
TS ARt 2AduE, &5 2 A dnige] AL
(MCP)& 7719 9ty M52 AXFETHZhou et al, 2016). [1H
2-8]1F <& 2-6>2 Z}ZF MISO9] AHE F93 REAMH|AE Qofst
o)t

d

(HE 2-6) MISO EXAH[A AIE LH o=

$ES 71 &
O 5% Qloll =7 35t 7Fslof &
ZAdme _
(Regulation) O Algell Hs=le] &4 Folojof g
. 0 A% A5 AFOE SEHoF I
SEauy O Aol M=ol &4 Folojok 3
(spinning reserve) O 10% jol| -S53Nk 3+
oA o= O HiEA] 4 Y o Sl
(Supplemental reserve) O 102 el -3-53HoF

Z*]: Zhou et al.(2016, p.13)

A H 2 A7)} AUAAZRA ZRE

g Z0E AT
5 AUe 5B o] AFoE Fe AT

MISO= T ZAAu g7 13ty s 2 oqn|go] =A)3}1A|
Zeth RE P9 =AY Q7S 300MWOlA 500MW

AEo|t}. o]+ NERC #Fol o AR ofyn & 2ol o
£ Zo|thZhou et al, 2016).

EFuE e WA Y FaAAS 5

BT £EAY
AgsHe AUSL WEA AFol F1FEoIolof sn) A%

J(
o

do o

M2 HHAIYHM= Hi2 31



FAFe] AAZEE 102 Holl St E8e 2Asto{oF 3t
TEdvE e 872 1,000MWO|th(Zhou et al, 2016).
A EE B E= Faxtde os grE 4 it ¢

=]
g ALY &7 WEA] AT FU1stE e Bae AR A
TG AANZREH 10% ool 7]Est] EdaloF gttt thA
ofulg =3 vVIAE 1,000MWE EHsoF 3t Zhou et al,

AT +BY 19 A 11:0070A] dZsforget. 181 15:000] sHF
A AN Ag FAET YFBAES 15:0009014 16:007H4] Y2-&
43 4 2tk Zhou et al, 2016).

MISOE= A% U & dArXMdy =4 dug, <=5 2L g4
dulge] gt A, AR AZHA 7HAS AR olE g BRx
MUl 7MAEL o A 9 AARE AR 9 EFll4 SCED-

pricing 24 dagFe AHEste] oUA A A HAsE

a9 E AW HAAIZE LFAEE Al 57 99 E A
AFETHZhou et al, 2016).
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Lt 27184 E Me

=l AHAGS 7 }73 Zs o2 LMPE Agsta ich

I[SO =& RTO it} Az o g2E zto]|fo] EAsh} LMPE ¥
SHOR oF A AF el/\l Ao A oy A] 742 &5
=3

[32 2-9] 7|S™X|AE D LMP AlAte| Xto|

Three Part | S&riup No Load Enery
Offer | 0 @ Offer @ Offer Curve @
] /‘
l-'"‘f.
§/5tart SHour

Z]: PIM(2018a, p.8)

LMPE 414 B4 myel 2akel @& w9 Z/hee 3T

A wgo] F7HEE o7

O
o
(0
fru
N
offt
R
ofo
®
0 o
i
ol
o
R
ofo
ed
r]:‘.'.
of
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HA FEH(1E 2-9] F=x). wZA T7e 2d2 siHgs
715083 FREHIRS et kel EdlE Be A9 2A
& ¢ A Fr ol AFEAe] FRAANE ol o st T
AAES JAHEE AT o] ASe&dae gdANE
ojFstA EaE B THAGA} JES FUHENE0S AF
skar vk ml= AHARY rpHsbee 3A dEAET
(Make-whole payment, MWP)3} 7]3]<=41]-8(Lost opportunity
cost) o2 FHET 4 JATHPIM, 2018a).

7b $10MWhel At =, s TR7|)7F @A ErI)) g Tt
At &g A= odA HEE LMPE AN B
A717F 24 T BZeA s FRehEH 7sd W &8

© 71HIE2 dUA] Aol ofd dEAEToR HAHET

(PJM 2018a).

Aot

71
Tz 3% e dste] ¢ o &

6) 57 AHAIR FrHd4ta2 Uplift =+ Side payment® ET}.
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© SAVHE S AASHA Z3do. mEbA dld v = ARale
EH]gHT o [MPE A4S B HEZ O £3E IR
2 HASTHPIM, 2018a).8)

M olN

Al

2 713]<=%4 8] &(Lost opportunity cost)

713 EAN 8-S AleeIAY 58 AA A3t HAr|)7F Ho
oS @7 AAITE obd g 1 A|HEE A B Axo
t}. o & EA4, dA) LMP7} $10/MWho]al oj® 27 7]
= | $8/MWhetA 3 7l E9€& o St 4
T AS 284 AANE Qe & AgE g o] T
= A% A 54 AAd BEA e F 7] Wl o] A
ojutE-S 7|3u| g o7 HAS|HoF JTHPIM, 2018a).

PIMOllA = 8FF 2 Aol Al &Fo] ARBEHAAT LA Al

dAe S8 AAE TA X3 AF &g 713nee B &

>
tlo of oX

18 4moal
o

o|H] & (Balancing Operating Reserve)dh= @502 FI71A
AEstal ok dE S04, o® WHI7F 3 A A
Aol 3ol AARHIoY, FET W& Fa, 9F
A FRFE 57 AIAGe R JEl okt BT S7F T &
A A 1HEHA X7 AR Qs AAIRE Al A

L
=]
g4 2R 0 AY WA LA §S BPES 5 Uk

ﬁ

2

u

E=)

1 AR Al G APIAL T G PP A 28T TG DA
Aow AAETh Hawd 2 Ho T Aokl A Wl AYsert @
Wl 371 o 7} u zdo}xl 2Hme A A Aok,

8) =Ul MHAFNME A Arez ls) SMP AAClAM A== TRl
thell Fabee A=
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(PIM, 2018b).
MISONAM = 718083 AR 71dd 3% A Al o]
1A} A4 (Day-Ahead Margin Assurance Payments, DAMAP) #|

O:

55 T A 8 A AR FAA " whel i ge] Atk
Ao AAZE AAA Fe o Soa ¢lg AA WA 3}
F A AR ool Aol WAsh= W ro] Hal T AdEe

2| F3HMISO, 2018d).

DAMAPS| At o 2th 3% A A4 A4=
374 7K Commitment Period) WollA 3% A A& dbA
(DA_ScHD)°] AN w4 FREX|(BP)St AARRT AA 54
HRT_ACT MTR)Y vlnste] At o)} 22o] DAMAPY] 9
UA 7| (DAMAP _EN CON)E B3} o] AAZRTHMISO,
2018e).

o

2

if DA_SCHD> RT ACT MTR and DA_SCHD > BP

[/ DA_SCHD
DAMAP EN CON = max / DAOC

0 RT ACT MTR
- f DAOC
0

" DA_SCHD
/ RTOC

RT ACT MTR
— / RTOC

— [(DA_SCHD— RT ATC MTR)< RT LMP _EN INT)]
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DAMAP?] oy z] 7]o&

A 718 FUe ABE )

AHITHMISO, 2018e).
oA7|A FHaoF & A2, = A AIAe] COFF2F DAMAP 7l
H2 FAR Aol COFFE a3 A 7H4& A8ate] 4

=
ASIAT DAMAPES AAZE 744 S 2 §3fe] nadts ol

Al et AARE AR FLe ARl AN 7H4 0
3 OFFe] m& Hihg2&

o]FoiAE BA} e+ Ytk

o X
oflt
v
kﬂ,
HU
Q
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3. =Wl AZAF A=

W} 2001F A HFALY HHRES 6/ A3ALE 7E 3k
AFAYLE AYse FARE] AA = A QA

= H
Y& AAARASE 27 97 AYAHe] Bdg EY=

SEubete] HEAAS 19999 AEAY TR 7]EA
=

o
fr

CBP A=9 F8 54L& v 2ok A, LB
AANG ALY Bl 87| o 2 Qe gt ojuje] H|§L FiE
H], FRsE, 7)1EHEs st WEH| ZHtolth. =4, o

Yol o F Fa9 A5t 7|9
HgHof] &3] A5 gA 74 (System marginal price, SMP)©| A%
e

e 2UHAL L ASL AAA

o F7t= &3F7H4(Capacity payment)= A|E3te] xAdn]e] 11

BHIE 38 5 =S I
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o wAANY £HES Yehith

AARAEAAL S ARAYL AN §BAAS Y 2R
WA/ AFN ABTANG ST, 71Uk WA A
b §F 4B B BAsl FYF

B it =9 &, 71 EAAA
3 22 7)€ Aoktte aEste] AIHE dF o8 S8}

[22 2-10] CBP XA

-[:]

D-1,1000

| wwetes | )| Pmausy | | a
; e D-1 J‘:
! PN N | o-1. 1500 @

e |
| suoaes | )| SSWNSU | o180 »
- | 8
[ A2 | ¥

e 1
i AY | mRuey D2 A
~ H
I P 7| RTILBEM: D9 =

) MR D-2T

E3: =AY 22017 p.167)
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2) AEEA VA (SMP) AR HH]

AAARLAA LN AAHE SMPE FHE7VsT BHASS
MEHE 71202 AP ATEH FHIYS o) d55es 3
Fol YAFHE FALAII) WEH G AN BTH(LY 2-11] B2,

[a2 2—11] SMP ZX Al

e

E4: =4 EAY2(2017b, p.86)

A7|A WMEHle FAH8AE SEH|E(Incremental cost), T3}

H|-8(No-load cost), 7]-&H]-8(Start-up cost)®]t}. FEH]-8-2 017
Yo 29 139 F7tel Ui A8H] S7RH(Y/kWh)oltt F
Faf g2 oFE AYEg glo] AANE dE9S Fgdte A

glolA AltY AQ9E Bl&(P/h)eE FugH A4S ") 7]
TH &S AlFAA BalE 3, Al Aol BAs7EA vled
3yoln FR3} H)g3} npRyA 2 EuAH| ot 18 2-12] #X).
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(38 2-12] €27 HIS S4 2M U HIg 24

=

SHEIHE Ry M
(AV. =a P +b P +c)

AN

_— SEuB AV: @S2 POILAS
| S8 A2t BHUIS
! i -PP
P kwW
A F=HHAH 22017, p.165)

Lt =W MEHAY 23oHE

[T 2-13]12 Ul A=A oulg 275 Yepdth 5 A
AR A H S o24Q ox) WHY] BADA Fo= <
of AE5ge] #3S FAA X8 A& unlste] AYreE
2935ty BHAdhe dF83S 2ol FFengy Lgdnige
2RI (A1, 2018).
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# g a | o s 0E oy 8y g
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AR 3| o oy gy | (FEE o8 o
ol < I £nyh
T oA | mok ol @&
IDI W FReF AT
l | 1]
—t] ¥ ¥

g AYASY NS FUE 93 Fokrey

3 AARL FHAAN F 1208 olH(E-AAHLSF
gA717e 208 olt)ol Fu % o] go] Jhsd Tyl ThA elHIE
TR F e LA AANHE TS 5 Ao

AAFEE AAT AAso] QA ohista A 7150l 7
5 1] SR, g, ZE ) Sk ded
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Yol A =l
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ol o]& 7}

S
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S

o ]

1,000MW 2}

T—

| .

Skal ) 7]-th A

17t ke SHAHE 1,500MW

o} HAAAEE 1,000MWolH o]elo] 7]
1,500MW o] TH( Al - 71 2], 2018).

)

g% 9

ol Bag
o % 74X gAel

o

o

s
S

2 7

Ao Ao 2 5%

|

()

<
RN

=713, 2018).
A5 A=A o
tl doiA] CBP Al

L=

T

!
A

el wet

)

L

<
]
=

3+
o

ZAu gL A 1,500MW 7} EHE | ojof

170l A

Y

Ct. =W HHAEH =S
e

CRCE

n=:R

718] A-FEHHA(AGC) Ev F3FE(Governor Free) R %17]

(AHA -G 13, 2018).
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dElo] AA AlF TAE MAEY F UES FE&EHCE FA4 A
AL 2937 9@ AEE ATY & Aot
[O8 2-14] 712N 2 SEUHA|El0| WM MK 16.1.20)
[ ms ] = A ——tEHE] —3Z3A=E [Mw]
gh,000 A r 10,000
0,000 4 IS0
I5,000 A - &000
0,000 - L 2000
65,000 - - Bono
I S000
60,000
- 4,000
55,000 - L 3,000
50,000 - 2,000
45,000 - 1,000
40,000 -
12345678 9101112131415161718192021222324
3 =AY 2(2017¢, p.39)

[3% 2-15] 7tzEE U 2

08
[19
£

=
o

lo

i ——TpHE —E T

37| & HXH 16.1.20)

44

[&2] =%
180 - - A0
160 - _//‘\_/\—‘ - a0
140 - BO
0 1 \_/\"—__\’ 0
100 - -
50

5 - &0
9 0
40 4 ) ]
2 [T E

- T T T T T T S

12345678 92101112131415161718192021222324
A =AY 4(2017¢, p.39)



[ 2-14]1} [2F 2-15] 272 AA dAS 7124481 A & 7
TYLAA G BHEF HA 7k 27 F HAE YERITL

AP Aol =W, 7P A &3 LA ek
Azp7p B sk s WA 7)o HA g A o] disjA= ot
A= (Uplify = A 23th9) sid Aiba2 Alehdd e Ak
=(Constrained-on energy payment. CON)3} A| kv A& sf A
4= (Constrained-off energy payment, COFF)o|t}. F+ AAla<

<3} 2-7>3} o] Aot} o3 ArhA L FAA AT A

-

o3 QAEE Zwelq T 2e T Uk EAE fasi
(& 2-7) RIPKIT(CON) 2 RIHILX(CORF) M2fzt Hha
T8 e
3k A HAAARAAL G Zaste]
At | B g aeae) ge a0
2k AA
@a ¢} 7(0 L_]% /‘\_]_'75] i
(CON) S| MAXIAA I s, )
|
o | B A AR TEARS EFELO,
s A st 22 wEwel o 40
11 O ouvnmw /\]— _]
(COFF) ;f; AR A e B9 A aE)
b |
T 1): COFF& 35 & Al 34 Agd x3=glov, 8 Zan Ao
2 A BHEA e W Se) WA el g mge Bxow o
E4: FAHAYL22014b)F EUE AR 2A
9) ol2]gt oldste YHAY WHL 1990 49 MNAZ F= =27] N e

=

Aolt}t, o]F g=o] HIAAAL 20013 3 HFA o] 7123 NETA AAZ
A3t olgid Aske] Fo WAL FEIpHAbFe] FUle o=

g Fzo BAE £ 4 ArhIIAZHAY L, 2016).
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2
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HER AR odx F 2o 7tavt 2T

Asels 1% 400 % 4 Adoldel ARIABE Zabate
WASEE CONo| BT WEA AUA ] Zad 292
Bestel ME $EOR AYSF #HL AANE FAH AT 4
A FPHOE RaFFSYo] $43) MEHI} o} CONe]
AgE oA Mg AYF FogAu 52 45T = Y
Atk ol WY AEZE FA4 AF Aol 44 ANELE A

ok
ol

HA Xk om|gitt

E4), 3 CBP AAS BzAB| A AlFo] RAjsle] B8~
of tht 7kAZAA o] o|HAIA %7] wEell Heg AlFol ik B
A} A o] HEksEA] ol A Esh 7].;‘<] A4 1 o= A7k sk =}
W7t Brbss Al gl )9 oulE AlFe BEA]
vzl s =t @8 AZo)A= COFF Aileg< 483t
COFF 4Hg<=2lo] w2 oulg g3l SMPE
& Apgste] AF3it) o] @& Al WHsHIZE W 71A
o] o] B} FA WA §F S WEY WHFHTF 2

T4 Arle o] TASHA ¢he Aol AT etk

l
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Z(C —aZP”)-i-SUC;

IGP,, = % (20,7, +b,) + — -
Z Y7,

t=ux

1GP,;: 271 ()] t Azl A o] PAERHA

TLF;: 7)) SHELAST

a; by ¢t BRANDS WL 23 AL, 134 A, A

SUG;: A7) 7150 &

Py A7) ¢ AREell A o) b EF

(3% 21610041 AT & gzl Waisle] FRulE, A T3
A @ANE Pt BT ta) Tx FSAT S]] Ry

|83 7| 5H| 82 PHFu| Lo 2 whd e tha wx 7AsH,

==

37 Yol 713 vlgol xﬂaow bR A L, 2014).
2, WAl o) wx Frbshe 1H1 83 Bz Zasis ¥
Ful o] Al An ols) wride] dastls Hge 27}

10) 83 SMPel| Z1AHQ FHRaH L3} 7)5Hgo] Z3E AL Ao 27
T NS FEI ZoR ALY vES kR sehy] flsiAolt
Hhdol v Pool W4 AEsta = AHAAE BE AFLas whIstal

/_K_]
Zwu Qe A 4
ME

= 7373 get. L7 vEE 35EkA B A9
sl waslel dal Wxe] by
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I-||3§ O|2™ BEAM

— 1 =1

L. oA - HxAHL FA 225}

mm AEARNA 1990 FRE Hzxn| 2 Aol JidE $-

F8 AYOE BAHA XF BAle BERAH 2 Aol #Ap7 o

2 Akads Aotk ARl A F 7 #A

g 29 1lg9 ST /M9 @iy, A=

w2 G HERE] EAH 0 R S Hibete Ao

dEge A GZHA X3 duge] 1 tha e AN HZ
g

Ho] 2% 2oy} »g ou|Eo 7}40] ] Zolx|= dAto|t}, o]

2 g & FAL /1A ouE AUEo] WA dEe AR ¢
Fohs As 2rsta Usdl dele AR dEdse 2AE 24

A 4 BH(Papalexopoulos, 2001).

olglgt £AIE sty fsf 2000 ZKF CAISOOMA = &

2]& AH|AF ZZ EF(Rational buyer protocol)'S 7L

g2 LAl FHo] F2 AFEe B2 AFEG Hg 74 T

gtk Seolw, dulg SH B&S HAislelr] s FHol =

2 oujgo] vre ou|ES &3 Al (Downward substitution) 7}
B

St 71 9GS WAEE duA- B2 FAHF

_4

mlm
119

3(Co-optimization)Z =3I THWu, 2004).
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7. ollH|= b4 b oE

AN B WA AAT S YEA A Goprs] 93
Wu2004)7 AN ulE AkEAe ed AATH BAS

=]
Hzale] ofgsh o] BaStse} AokzAL MAY 4 lTh,

min, C"%(.) Z C(P)+ Z C/™(Reg,) (3-1)

+205P5P +ZCN5N5)

st. Y,P.=D (3-2)
R79— ERegi <0 (3-3)
R4+ R¥P—Y Reg,— Y ,SP, < 0 (3-4)

R™+ R+ R™=3 JReg;— D 5P, — Y INS, <0 (3-5)

Rege= Z7%(Regulation) B8, SPE <-&(Spinning)al|H] & o]
NS& Hl=&(Non-spinning) AHH-& on|gth RS AlFY oH]
g g Fo|m - AKSuperscript)= dlvlg FHE vt w
ZhA] RR, R® 2 RV 7} R oy g efo|tt. oML i
= TH7E on3itt. WEbA Regi , SPi B NS = 2717} AlE
gk oAHE &S Yulsty P EA7] i9 Yot A%

11) duigs 183 HH AAFHA #Ha Bt GAg 718 232 Wu(2004)
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= A g(O()T Al AR auE SREEC), T,

CMe)el &l AA e S Halehs BAoth $% &
= 71ES AFagoy 57 M £xE 24 Jud, %5, 1
&% dqug solth,

oA7)1A AfzAL AU $5 VAT g FHolt) 25
o & Algre u® R zo] AZH Tz AW
(Cascading) %211 Holt}, & W42 A AdnEo] &7 F B¢
E g AT AT 59 Pe nesdnEe g

% S Th(Papalexopoulos, 2001).

duige uH3 HAH BAFH ZA9 GagA e ok et

2ol A4sd 4 3ok

L= ,7162(13») (3-6)
+X¢MRU) (3-7)
+2671sP) (3-8)
+3CM(NS) (3-9)
+ 2\ [D— ZPZ-] (3-10)
+ Nfeo [ R Feg — ZR@gi] (3-11)
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+ X P[R9+ RSP—Y (Reg,— > ,SP)] (3-12)

+AC R4 RO+ RY =Y [ Reg,— D 9P, — Y NS]

FIFA Gl UA FALe £20] G vl FTHE]
v8-2] F7HEQL, 9L/oDE BT 4 Ytk wekA oA 714
A7 7} =

ggo ould M4 dud aTde @ e MRS UE
A77) @ el ZkEo s Hejshu oulge] AL g
2o =Z&HET
Price® = 9L oy 5P \NS (3-14)
oR™
, oL
Price®” = W =\ NV (3-15)
) oL
Price™ = ¥ = P (3-16)

4 (3-14)-3-16)9] AU HAelA & 5 Aol FATAL 0
(o=

Ee Fo #e AUERE quge] THAo] ARIE s dide] A8t
[e)
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Lt MISOQ| oflH|™ 7t 7AHl4h2)

2} A
23 A5 Bk Hoh Ag3 714 ASE ﬁa/\] ol Asg
a7t Atk olwe] k4 Aze FHASE Ao AAHE FaTtA
(Scarcity rent)E 53l FAJETHMISO, 2018f).

ATEBA7E gAAYS THT wl 283 olvA Y o]
Ho FEo thek JATIAE AT (Penalty) &2 A|7838t=H]
Uz 79ol= FFAH]E(Value of lost load, VoLL)o|H o
Hlge] Afole dulg FRZ7FX|(Value of reserve shortage;
VoRS)7} 2 AHgdt 9 & E9], VoLL®] 10,0008/kWh&l
Azl FAA FEHE IMWhE THEAZ T gle o] 24
o 1HRE o] WIbgo] FAZd] ity niRA =
VoRS7}F 1,100/kWSl &AollA IMWE] ongs SRS 5+ gl
© ZA-5ole 1105 99 Hago] dAsHA AThMISO, 20181).

AR e duE(zA40Y, &Fd0Y, vesdrE)s A
& FREE Aok dugo] RE3 AL E AAste] b2 oy
o} oy 710l ofEA AAEHEAE YotEHER 3T

g Szl Fuka 217 As ZBA B4 ¢ AW of
A

12) & A& MISO9] "Wl /Fg(MISO, 2018)S 2.oF ATt
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) oy g gn

[32 3-1] 224 AS(oiH|2! =& 2 Al

Normal Limit =500 MVA I:\@
SOONW SOOMW

Z| O & =5 paw]

x| F H MW 200 100 40
STEES| S20MWh  $25MWh  S50/MWh

=7} ZEH0jd| = $4MWh  S11/MWh

(offer)  #Eofu|= $5MWh  S100MWh -

H|#= S 0f 1| 22 S6MATWh SOMWh S8/MWh
Z2]: MISO(2018f, p190)

[1F 3-1]1¢] AEGAFAA = F37F 1, 300MWE T A1 &%
oAulg  150MWE  FHRajopgtt.  Fdrge A AqHE
(Regulation) ¥} AFaLtH]of|¥] ¥ (Contingency) 2.2 T E T 24 o
HlE QL SOMW, ARt ojulg Q@ RS 100MWE o
Atk AtathHloRlgE e EFdulg ) thA o B] E(Supplemental
reserve) 0. = TAEHM FFoHH A HA SIMWE FE3[ ok
THMISO, 2018). <3 3-1>& £ A duyA 9 qnyg g3
< UEeRdth
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(& 3-1) AIE ot % of|2 72(olH|2 F &= A))

+34u=
53} 2o At e &8
S Lk A A u) =
S87F | 1,300MW 50MW 100MW
Ha - F=EouE soMW o]}

Z): MISO(2018f, p190)°] &< Hste] Az 24

LA G3= FAGEH7E olHER A HERE Al 7Hsskal
Uz ddr)e 2E quge AT = ok oA Ase A=
&7l o Aoz FEH 2
(B3-1)~3-5)% 22 HA3} TA=Z A2 S = JTHMISO, 2018).
HAg o] W2 <& 3-2>9 22 ouA] & ou|g FH Ao
=E9.

L

=17 Sl Qe

(& 3-2) 7AIE oLiX| - ofH|2 SAIZZI5H ZoHollH|Z =M S A

=

Gl G2 G3
wAAY 700MW 600MW

ZAon g 100MW -

ot Ll _

o A o 1] 2 - SOMW

23] MISO2018f, p190)e] Wl &< Aelsted Ax} 24

MR Ol2H 24 55
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Glo] AlFshs =HGE 100MW F 50MW7E £5<nd &
T SOMWE thAlsks AS £ o ok oluf oy} ong
M e AAste A AEaL

HA Fouly Az 4(3-5)9 A At &
oHl g2 ofefjo] A3 o] AN HA At H o] &
150MWZ ] X THMISO, 20181).

of

o

> Reg;+ D JSP,+ ) NS, = 150

i

o] Atz HAZIAL +FdnH

b= e
2R A4S F JE vgo] HIE AdtEn B Algleld Az Zﬂ

S 4MWE $31etge w Aol ¢% ouy 97
= 5= H obrd e PIAA goH ‘:‘Wﬂgl A=l
(Re-dispatch)°] FQ3HA = ¢47] Wil FA7HA-S thAdn g

H-8-Ql $8%1 A7k Bye} Zoh oA L3l 7]3]8]8o] WAt
1= mEkA &FdniE Atz AAZEL $8/MwWolth
(MISO, 2018f).

T2 2Adu g EEdugs ek A=A 4 (3-4)9]
AA7VA & A RA} o] 73 off A3 o] ZAANE Y &
Fanige] o] 100MW UHQl AA7VEL Az $HE
IOMWE =US BN ALtE = v§ ASE A = JATHMISO,
2018f).
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D Reg;+ D 1SP, = 100

b E9dug 27F 150MWE FA5Hs 71dl Gl1o &
g IMW($20/MWh) S713F1 G2+ IMW($25/MWh)9] &85
ZaA7]7] wEe] $59 Hlgo] AZrEth ol Glo] oyA
IMWE F71E 3o 22X A& &+ e G19 7]3]H]8o] +85
S YERATHMISO, 20181).
=3 2ZdqnEoHE Glo] IMWE 2R R EE A7 2
H]-& $40] AZHATH+$4). 181 FnE J‘HL ZF2l 150MW
2 fAANACkIER F7tH o8 1MW HAduEe Frab=
£ G39 iAo HE 182l §89] —0—7}@@(-158). A o] A

219 ZAA7FAL UMW MG §5 + A HE A7k

ﬂ% Adng 71 $8)2 Al4LtE thMISO, 2018f).

2 50MWe BRzAS 7k 4] (3-3)2] 2Adug Atz
7] Wﬂﬂ ﬁl*P%HEZ}. o] A%zAE AR A ]
Hiesange] QFHFE 100MWE FA5H= 7t 24 qdnd
o] a7t ol A3} Zo] 5oMWolA 4OMW=E 435S uf
e Bl8de] SR AL ¢ JTHMISO, 20181).

f

=

—153

ZRegi = 50
ZAduE £Edn|Ee g2l [00MW LT7HS A3t %
AduE IMWE Zol= 2L IMWY &59u8S Z7A Aok

;1|3x+ 0|EX—1 2M 57
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StERE UA Y AFHe] destA etk &, 7]3]H|Eo] A
SHA etk EgE ssdHlEe] Gl ©F

uIgERT E7] dfZo] 2AARIEoR FFougs gAY
Aot wetA 2N IMWE EolH2tE T IMWe ¢
sAdREE G19 2AAHIE O R thAsty] w&el Hl-go] TSt
2 etk wEbA o] Az AAZFEL soMwrE ok
(MISO, 2018f).

£
 ;
v
lo
fol
N
)
N
N
N
o

(E 3-3) ARZH Ak ZaHolblz B4 &t Al)

=

Az L7F | AA7HE H 3

LHGou g 150MW $8/MW
iAo v g 744 $8/MW

Zdu g + ~
S 100 MW $1/MW s Bg 7h4: $9/Mw
s L]

ZAduE 714 $9MW
ZAdug 50 MW

Z4: MISO(2018f, p190)°] W-&& Agst A2 24

olel wet 2] (3-13~15)°ll wet Zb dnjH o] 74 S ALt R
A diAdBEe ssMwe] Fok T3l FEoulgS $9/MW(
$8/MW + $I/MW)E AAHAT. T3 H2 Gl1Y gdn g o]
EE Ssdugs gAgr] wiEel Al Ak FoulE
< §lith wEbA 2 4PEe $9MWESMW  + SI/MW  +
$O/MW)Z ZAAETHMISO, 2018f).

w2 dnly BE5e dgo] HAYS we] spEo] AEA AF
HeA] A i
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2) ey 23 A

[29 3-2]= 284 AlBolA &x7] 27, 1,475MW ] F31E
Btk dule g7 2 2R S5oMW B ARt o]
100MW = Folzlt}. o] dofA oulg 3|A71X]+= $1,100/MW ek
LA o = A e ] B R | ) v R s L e S Ol & W
(Positive variable)Z 71511 E2 3o #HdE|(F-ZHxVoRS)7}
o HthMISO, 2018f).

[22! 3-2] 2=2M of|F| AS(oHI2 D|gte Al)

| LUnavaillable I

MNormal Limit = 500 MYVA I: @

G675 RMIW BOONIW
———m

=| CH & = W]
x| 4= & = W] 200 100

ol L X| $200MWh  $25MWh
=3} = = of| 1] 2 S4/MWh 10/ Wh E
(offery  ===pju|= $3/MWh SOMWh

HE=SO0IH|2  $3/MWh

£2): MISO(2018f, p195)9] &S Helste] Axt 24

<E 34> 284 oAl AZY UAS oulY 2THE e
S8

Hi3E ol2x 2M 59



( 3-4) 7S Fat H ojH|2! 2712Hod|= oj= Al

o L
B3t S ALaLThH] ¢ H]
S Ll R
ST | 1475MW 50MW 100MW
v 2 B, - sFduE 5oMW o)A

23] MISO(2018f, p195)2] W &< Aelsted Ax} 24

<E 3555 F AT oAU ARG 2% g
Witk B Aol A HY SRS 2SMWE SOMWS] thAl
Y 2T FET 4 gone Lgduy Hu REow 9

Sk o8 8474 (Scarcity price)©] A dETHMISO, 2018f).

(& 3-5) AIE OlUX| - oflH|2 SAIZ[X2} ZuKoflH|Z OJ=H=E Al)

Gl G2 G3
wAAg 675 MW 800 MW
2o g 50 MW -
S = 50 MW -
o A of 1] 2 25 MW -

Z: MISO(2018f, p195)°] W&< Helste] Azt 24

o174 FFALMP)E SGeluIE 348713 AekE oA 2
3 IMWE ZQomH AtE vlge) Wae] B dae wi
=

ot &, F3F IMWE Z°|¥ G12 8& HAasta 253 oH
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9 E=4<l $1,1000] A
4 MWh ojifz] H-&<21 $207}F A
A du e 1MW Agol w2 $32] H]
Feld $1,117¢0]9 o]= & LMP7/} ®t}

[o

o

|

1o

-+

X9,

o

(0

utl

£

R

B\

b o
—
r

L

1101'

(MISO, 2018f).

tgsog goud Ag zAdA AXEHE JAArtEe
150MWOlA 14MWE 4318ls o 4 F Je HLd7go=
Attt o] Aols IMWY dvlg daaS AN
B $1,1009] ¥y Fi7tE3 YAl $1,1000MW =
THMISO, 2018f).

ZAdu g} FFongs e A%z FAVMEE vkt
AZ 27 [00MWE OIOMWZE 313l e u] ddsE= Hjgos
AxZG G ogn L 150MWE FA8oF 322 Glol 9|3 o
Adugo]l IMW S7Hd . olwj9] B-§ Wdle= ¢&FdRlE IMW
BAAA AEE HE $39F tAHE IMWE oA gRs)
H)-8 $37} = o] $00] Aot webA o] Atz A7
$0/MWo] HTHMISO, 2018f).

A Eto 2 A Y SR Aok A rrA mdF A ofx
A% IR fASIAA 2AGguE gRgss meﬂH
OMWE 3latgle o Hl§ HstE Akkeith o] B¢, BE %
AoHld ) EFdngs g ARy Agzxde Gl oﬂ o)
100MW7} =gt webd Gl 2408 IMWE Z0]1
SqHE IMWE O gRd 5 Qo ojuf A7 27 o]

m—h
%

Mo rlr

a8 Ey
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A7kl s49) wFolule SR g $39 F $17F BTHMISO,
2018).

(& 3-6) AIZ7H ALt ZuKofid|=d DIEE Al)

Aotz 27% | AN M 1
1,100 Agug 71A:
ERANE | oMW $/MW EHX$}1 IIOO/MW}
RS + 100 MW $0/MW TEdng 714:
=eas $1,100/MW
2 | S0 MW | SIMW zAdug 717;
$1,101/MW

Z3]: MISO2018f, pl95)2] W&-& Aelsted Ax} 24

7+ ulge] 7142 $2] (3-13~15)°) W} <& 3-6>3 2o o
Aevlg  $1,1000MW, <s8E $1,1000MW  ($1,100/MW  +
SOMWYZ  FAHET tpRRte =z FAGWES $1,101/MW
($1,100/MW + $O/MW + $1/MW)ZE ZAAHHTHMISO, 2018f).
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2 NFA BE A FARES
Fato] @ AAZE 7pFo

AN ANFANAE 541 7Hee
AA9] olgjo] BrbEstal o] Bt FE wHr] 17]
(100MW), 2702 AgTujAl, T Ao A A S B2o=z
3= ESS 171(40MW/40MWh)7F EA1$0kal 7Hg et AAIZE Al
oA &S Hasete HA S ouA 5 Wy oA
719 &8 Akz2AS ZH= ] 2¥(Auction model

o] MAY % gl

o9t
X,
0

o
o
&
o
LN

Min. Y (ppQfs— PR QR + Y (pGQ5 —pQ8)
1€EB jEC

+ Y (prQF—pPQ7)

st Qi+ Y (QF— Q) +X(Q5- o)
iEF jEec
+2(QF- QA =Dy P"
0< QF < Q™ Vi
0< QF < QF™>, Vi

0< QCUjé gmax’ V]

0< Qg < Qg,max’ V]

13) ¥ A= Morales et al(2013)S F=3lo] AAZE Al
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0< Q< Qm

0< QF < Qm

A71A, A-A U, D= AARE AelAM kg B3 7] e Aol

© 217} FH(Up-regulation), 7 (Down-regulation)<, 72wl Al
o] A= 7tz A¥an|o 7}, A4S, ESSY A-¢olE 27k it
A, FHE et} s¢ RS 747 33 A AR = AN AF
< gt ol A= Fie 54 7 g=Eddr] 1L, Cj
Agdmjat S, BEx ESSE K3t 74 o] Ao tEd

Dy AAZE NRAA = Fo(F AHF2-FHLHH)
Qp: BHF A AFOIAM BEdr| e & A
Pl AN 744

pr: AARE AROIA ST o S dETY
pr: AARE ARlA ST i) 2 ATt
Qs AN AROIAM 2H=HB7] (o] ST
Qp: AANZE AIA TR o)
Qp ™ AN Al A BT 7] o] A
Q"™ AANZE ANl A BT T] o] Ao e
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QF: ANZE Al A ESSe] FHF
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Q™™ AANZE ANAelA ESSY Hol THF
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T =

7H, pie EEdket ol dvAl 5 MY Aok AA7HA
o2 AR AR Atk
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DE< DSHOIAE % A AR 7pAo] ANZE A1 Btk BAY
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(2 3-8) AZEOA & X S8+

NAR A p” p” QY Q" 3
(24 (24 (MW) (MW) (MW)
stEA7] 1 65 50 - 50 100
stEH 7] 2 105 90 40 20 100
AHAufAL 1 102 - 30 - -
A AujAL 2 110 - 20 - -
ESS 115 95 20 20 40/40*

F*: ESSe &9 9 dHlgg &% 727 20MW, 20MWholH ZZHAHI(SOC)
50%5 fFASHd FWHE AlY
E4: AR A4
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RN

s A AAZE ANe AX AA EEE A I=ET
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(Z 3-9) HAIZE AFOIM SHUTY| A MH-R0| Me{ET} +2)

AR 32 A ABMW) AAZE AFMW)
Feuz] 80 60
A B AL #1 100 110
Al AL 2 140 140
Py 160 190

AL ey #29 YEVIQI 105Y9/MWEeE AAATH<IE
1743 2ke] L olF A o whet

(% 3-10) Z}+2-BAU AlLIZI22]| AlE 7HH

e

7 3% A A% | ANz AR 2ol

7HA (kW) 100 105 +5
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(E 3-11) Z04-Q-BAU AILIZ|R2| A|RIEIOIX} &ARE QI Ao
AAHMW) TUAEL)
TE SE A | AL | B | AT |
A% A% A% A7

stk 7] #1 100 100 10,000 0 10,000
sk ) # 60 90 6,000 3,150 9,100
FEEH7] 80 60 8,000 -2,100 5,900
AL #1 100 110 -10,000 -1,050 -11,050
A Fquj AL #2 140 140 -14,000 0 -14,000
EA: AR A4
Z3 78 4Zol wEt AARE 7HF 0] et ARl A s

7] #2= 60MW A 9OMW

WE 293718

ojgsto] AAIZE AlAl

A 2,1004Y99 F71 598 IS5 AAZE 7HEL B AL
A AFEEA] FHAAANE L3 FHHA st AAEHEE A

= A& Yrg

AgAmjAb #2= 7 A AAA S FR(100MW)E F3HA
uZ2 AAZE AFA 1,050,00092] 87 dAgte o

ATt & FujAs Bk A#EHS 5 A A 7}7—5‘1(100%/kWh)2

AA AEFLFH110MW)= T githd 50,0004 AZEs 7
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2) 2H5a-FA4 Adel e

Oeos 23rg G3dM Fd4 Als A4l DRo| 7153t
Aug] (z2AF Aol sk A B

s A B AARE Al 2yl FAA ATALY dFAR
gidstste] HAs = offel 2o] =EdTh

>
>
N
>

Y
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o

-

(1T

QL = 30MW
2R WG AFRIAL #19] S-S B AHS
8E P& FFAFL AU oW AND HHLe A

AAHH<E 3-12> #IZ).

=
o We ARt Py UL <3E 3-13>3 Zo] Fof
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2

(2 3-12) Zue2-79d AlL2|29 A 7H

78 3% A A% | AN AR 3ol
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(F 3-13) ZM42-S%Y Alt2|20] AR S U 49

AAHMW) TUAEL)
TE % A | AN | B A | AN |
A | Am | Az | oam |
sk ) #1 100 100 10,000 0 10,000
stk 7] #2 60 90 6,000 0 6,000
FEEH7] 80 60 8,000 -2,040 5,960
AL #1 100 80 -10,000 2,040 -8,980
AEaAmAb 2 140 140 -14,000 20 -12,980

4 A% 2y

A A AL #1& DR 7hHsste] AATE ARolA Y] HAEra s
AE3HRAL o] 2 Qe AR 7HA 9 ST} ehshE o] AR A%
A Fdo] TAFS & & Utk 53], DR 7HedHA ¥

TR-BAU AU oA 5829 S718F AARE 7149 Fso =
sl AAZE AAFA 1,050,0009S A= oYU DR 75Oz
2,040,000¥ 2] 9o PSS F5T vt Ut} ol AY
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(Z 3-14) HAZH AP0 SHLUMT| 3 MH-Q0| Ha(Z0 Z2)

AR 32 A ABMW) AAZE AFMW)
277 80 100
A B AL #1 100 100
Al AL 2 140 140
Py 160 140

1) 23&H5-BAU Ay L

S4 shERRs)e] el os|H T AFLFL IS BAU
AU es B3t Avagd be H7 s stgwny] wrt
20MWE E5 Zhishs Aol ojo) wel sty #29] b
AA7ER] 90/MWo] AAZE 7hAe] HTH<E 3-15> Z=). o]
AAAA 2ol we} AAFALe] $YL <H 3-16>T Lol AR
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(B 3-16) ZIIZZ-BAU AILIZ|22| A|ZHRIOIXT AR 2 401
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10,000
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B 2goA AE o AEATS [IF 4117 2o &= A
AAEC R vz APAAY PIM 5EAS AL3YTh <F 4-1>
= & AFY B, A¥EE, HdFskE Y ok 38448
o AZrolw F 793t molE 3Tt

BN F &L 6.1GWolH, Iu HHrIeh fARE 819
2 1171 g3k 47], LNG 583k 77)E AAsdnh A
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[38 4-1] PIM 52M Zo| A 2 F 7Y

PIM 52 HER

S ©

®
&)
©
©
3

Z4: PIM Interconnection LLC, "Locational Marginal Pricing"
(http://www.pjm.com/training/downloads/ferc_pres.pdf)

(¥ 4—1) PIM 52M 29| HE Q9f

T & W &
A4 2 eksld 47], LNG 533t 77]
An]g-gF 6.1 GW
Ao sk 3.7 GW
2A 4 554
NETFS E 24
FaRA B,C,D =4
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[T 4-2] 29| 7S &t T

Demand

BEA BE BC D uE

24 A% A4

AR dn e FAHAB ] &3} E4S AHsjA F
T A MAE Y onYy SE S 1wl
131 5 WA= olUA|-cn g SAIHZSE A&7 TAHAS 2
Foltk. otefoll A Z mFo] tiaf ApAE] A

o

Lt. CBP 2¥

A3 DAY= 2o 9l CBP Ry /HARHAY BE
I ILAAY RER FAEH WA HAER S A AR
A8 EEs FAstL ol dng FHE A3 29EdA g 2
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I Aol 7HAAA

S

ARASR=S
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ERE T EISCER

Kl

=

foll wet 7]

[

|
Y

J=HE
NAFN A AHET wEy B

)

—l—bgpg’t —i—cg[g’t) X FQ’(] —{-SUC; X sug,t]

2

Z 2 [(a’gpg,t
tETGEEG

min. Cost

(4-1)

B

7] g9 23k 12 E4H] A

a, bg, Cyt

1 Al 1, YHA: 0)
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ng,t =D, vteT (4-2)
D, : 1A %3

W7 A, Ha 29 Ake ohdle 2o) 7% F W%
Ao 9 Ao A9 WelA FHe A 5

Pgmm]

ot =Dy = P, VgEGtET (4-3)

A= Ha B ARE o) A FEE Aok sk 2ot
t+MT—1
; I.= MUT, X su,, VgEGIET  (4-4)
t-+MDT, —1
_Xklﬂ (1—1,”) = MDT,Xsd,, VgEGtET  (4-5)
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HAZIA gy, SUg, Sdg= Ol ABWHTE ofefo} 2 EAS A

Ly =1, =su,—sd, VgEG tET (4-6)

TR S, A AxRdE BRIV G & S Ee
sl WelE Jepiv, o) 4% 24

Pyt~ Pgi—1 = RU,>X60 VgeEG tET (4-7)

Pyi—1 Py = RD, <60 VgeEGteT (4-8)

U,: &7 g¢ A SL-E(Ramp up rate) [MW/min]

RD,: 2A7] g Hd) 2'EE(Ramp down rate) [MW/min]

® mEe) Ane Basle 2ed Aokxae A
3} olUR| Aol ux AL AHsz A%
edz A Fu A2 T @2 aG A0 %, 2018)0

i to
il
[
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ot
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T2 SMP A4t 2 o3t 2
HA IGP(YAIEZ 714, Interim generating unit price)E Al4HsH

o} IGPY] 42 o3t 2t

IGP,, = (2a,p,,+b,,) < FC, X I,

y y
+ E(cg —a, (pq,t)2 —l—sug’tSUqu)/Zpg,t]/TLF

X

(4-9)

8] M 714 (Generating unit price, GP)E Al4Fsl=H] 143t
ojlZ AT WAV IANTS st EAZE BT 9F AR
= 2t

5, 1A §1E A5 kAL e 2o

GP,, = [(2a, A +bg,t) X FC, X1,

g gt

y
+ Z(cg —a, (Ag7t)2 +sugﬂtSUCg)/Agﬂt]/ TLF

(4-10)

Ay, A7 o) B g9 9BFsEEET
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(4-11)

G})!J-f =1 GPM

7+

=
-

W7 714 (Stack price, SP)S A4ttt o]

=

bl 7FAaZE Aol A A2l

= T7E U=

A

7+A A7 4] 7](Generating

unit non price setting indicator, NPSI)<]

el

O

(4-12)

NPSL, =1

ro A}z 9lo) AARRANA ASHE BS

<)
pul

s A A=

Fa sidEvd s 022 AA

S

Gl

FELHATHA S oot #Zo] At T8l SMPE A

al

(4-13)

NPSI,, =0, V424 A9 71%el 32 235

SP,, =GP, X NPSI_,

(4-14)

(4-15)

max(SP, )

SMP, =
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<E 42> B AFdA Tt 1, 2, 33 dulge 7|E R
gaFolth 13} dn zAgston 2, 33 onge

(2 4-2) o™ 7| A S22

A 3H 4 .
|k
(Time frame) (Requirement)
2 =l

2 Al e | o AR 0% AGC
(primary reserve)

23 oJH|E 5 ns N
(Secondary reserve) 15 P ARE St 10% th7]eqmE

33 ofulE , ng Caa
(Tertiary reserve) 60 " A TS 10% o7 |- oA el

EH: A% 244

12 4B = (Primary reserve; PR)¥} 22}  oJH] ¥ (Secondary
reserve; SR) Thar3 Zo] Aejgint
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RE=> VgEGIET (4-16)

g7t -

R,'< RU,x Timeframepp X I, VgEGIET (4-17)

R> VgEGLET (4-18)

gt =

Ry < RUX Timeframegz <1, ~ V9EGIET (4-19)

PR, SR: 12 % 22} oH]¥ (Primary and Secondary Reserve)
RS A2 tol A7) g7h AlFshe 13 oug &%
R AZY tol A7) g7) AFshe 23 duly gaF

Timeframe: 4v]¥ S&FAIZF 71+

B

T9 A, 12 uge B 2y olA 5Eo|H 23 o]
5%-olt},
3%} o8] ¥(Tertiary reserve; TR)< olef e} o] Aottt

olo

5

Az

R™= 0 VgEGLET (4-20)
RT< NSR™ (1-1,,) V9SGIET #-21)

NSR"=max (0, RU, < (Timeframey, —SUT, > 60))
VgEG (4-22)

TR: 3% o|8]¥ (Tertiary Reserve)

R Azt tol A g7k ABSE 37 Uy 8

Eiv)
olo
ol
>,
[4:[_‘
r o
2
olo
offl
QL
£
(1
+

NSR™: W317) g7} 32 on]
HuEd

%0
rlr
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k273 2, 3aF dnly Aofxye] 2FHETE HoA 7HAAA
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7 i 7)e] 2] A 212 ofefet Zo] HEgol xﬂ?‘a
= 293 2, 32F g 2 HNEH Y 95%ET JAY 2
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N

K

PN < P, < 095X PM VgEGHIET (4-23)

P, + R+ R < 0.95x pra VgEGHLET  (4-24)

2, 37 ajElde olelel o] v Azkvik Raje] 10%E 242 3
usjof G,

YIR=01xD, VtET (4-25)
geCG
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o] 7S AL ovA 7H4 S A3 SMP, LMP1®), ELMP&
Z3sit, HA4%rs olg o o] v 8 oHy X H|§,
of|v] & F-ZH]-8(Reserve shortage cost, RSC), &3 A &H]E(Cost

of unserved energy, CUE)%] 4-8}o|t},

min. Cost
= (Gen Cost + ReserveCost + RSC+ CUFE

(4-27)
Gen Cost : T3 H|&

ReserveCost : dv]g gH v]&

RSC': dn| g F-Z1H]8(Reserve shortage cost)

CUE: % 33 A78]8(Cost of unserved energy)
7w go) AR e okglsh 2o

Gen Cost
=¥ Ylap?, +bp,, +c,L,) < FC,, +SUC, x su,,]
teTg=ed

(4-28)

ReserveCost
= DD (PRT < RIT4 SRIT < R+ TRV < R IT)

tETyER

DC HAZFAWES A EHAHES B2),
He AAAS Ageoliol el LMPE A4 ZAE FA7AClA
e golny] S8 $aMze) gue PaUE Agsgons
RE BAMAY LMPE FUsithe Holth & E AN EEFF LMpE
a4 ARHE A A o 15T & ek
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(4-29)

RSC= VoRS* Y (RS™"+ RS+ RS™) (4-30)
teT

CUE= VoLLx Y, Y, USE, (4-31)
tE TiCbus

i,bus: ZF B W mARRL

VoLL, VoRS: oUA 9 dnlg 5 A4H-E&[HA/MWh, ZL4/MW]
PRIV SR TR A7) g9 1274 9 33 dulE S7KOffer)
RS, RS, RS/ A7k to] dA@ oy RE5e

USE;, : N7 toll A iolA 2T oA F-=H(Unserved energy)

oAH) g gk &9 FZH]8(Value of reserve shortage; VoRS)<
1,1009/kW, oA F5A4H]-8(Value of lost load; VoLL)<&
10,0009/kWh=Z 7435t

w Z¥olM= d3 CBP Z& I} o 1, 2, 34 <Hly Ao, &

=
A7)0 Ag-Aa 2708, H2eH P H2PANT Aotz

b

p™<p, VIETGEG (4-36)

P, +RT+RINTR < PM™  vieT geq (4-37)
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2 2go|A oqnjge At (Cascading) HA 0.2 StHstH 7}
Az gt ovlg 74 A o] &-HT

YR +RS=01xD, ; q VEIET (4-38)

9EC

Y (RI+RT)+ RS = 02xD, ;B VIET (4-39)

9EC

YRR+ R+ RS™=03%D, 1y, VtET (4-40)
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vieT
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[18 4512 BAIAAS 2y wE LMPS} ELMPO ZAF}=
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T A wre oy 1o ols B Hee 35EA
28 u AFshs dZAEFMWP)o] Bt <& 4-7> 7
AU oyx] Aibg, oulg Zig, ForgAe A3E )
Wt

O]

CON COFF MWP

BAU 51,291 - 5076 | 3,000 - 59,367
CO-SMP | 54,803 - - 327 | 58,023
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o] o35 AT + Stk
CO-ELMPoA & H4 =
A7VAE AASIERE At 2
/kWh £ 88.10/kWhE 71533t ol wzt oA A4k
oF 479902 oF 1499%0]

2 CO-LMP thH] of 39]¢o] 3}&3it}22) o]&= ELMPY =% &
Ao Fitete AAYdES & + AUk
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A= Hefstr] fal Al F8F5
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[O2! 4-10] ZHchMa 49 & 7o

< 4-8>+ 7= A, 5o I3 SMP, LMP, ELMPE A=
EPATE LMP9} ELMP= €& &4 7] WA 89 2
A Al

o2 %GRy Aol WA ke AT £ Yk

U
=

Ao 1MW 10MW 20MW 3I0MW

AYre | 7= 7% 7= 7%
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23: AR 24

oL

M4z Al A7 109



g

hd ol SMPO| ¢ BE ZFolA A3 fide] BAEET)
ol& AAE BAEY] 98] SMPE FAShE 2491 A&
U GO R o] EABIATH<E 4-9> Fx).
<& 4-9>¢] A7} Yehlxol, SMPE 7% 84 F @
Hl-§-2 AR ol meh gz ZasiAnt Henl g T
o] Zael wet g IS & Atk 29| AFolA SMPe
o =]

EIEREREEE T

N

Hu) 1MW 10MW 20MW 30MW
Zih=Eate] Fd Zd = 4=
ZHEH| & 90.03 90.02 89.99 89.96 89.92
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L. A9E @A 714 A=

A9 A 714 (Locational Marginal Price; LMP)-2 2002 v
= FERC®] %F A% A7 (Standard Market Design; SMD) dil
of me} vz SYAFTLIAS] AYstr] AAen. @A v=
o] BE SYAITEIAE AR FoAxEol £33 EAH(Bus)ollA &
THe @9 Age] FFulE&S AEsAY A4 ve LMPE
£3}3 JATHFERC, 2002).

A998 A 714 AWML 1988 Schweppeol] & - Aok
= o|x] 712 AA WAool EA mAoA Ar]oUR| 9 Z71E
2 FFY W) PANEOE Folsn U st AP FH
Aol K gL FAo ek 7wyl UE 7 A5 o
o WIS AFHE 8 BaF Axd HEY 218 WG
ol B AAA a&Fd AewE dHA  UrkEldridge,
2016). SHATF o2 WRI7]9] AAHEE TINEe R ThA o] AAH
7] Mg WA SEekE & W g 857t 94 g A
AT 5 Tk olHE AS BRAYAE AT LYAZTH
24 9] e8> 3] T UEE oA Aika oo Bkl
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75 XIFE AT AL

o SPASEIAEY 54 A9 LMPe Ak HAZxF
A4t #Al(Optimal power flow; OPF)Z 3]2% 4 Ut} OPF= 3
A5l FAEA BEH A B oUA] FaA|ek HRT
YA T BAFA A BRE ofygt kA, AEXxF AoF
s AEY =84 AGxAA 1Yt HAVEY Y= 2F

= Zlojtt.

WA o2 LMPE 7% BEAY A oA HlE, &3 HlE,
Al AN g o2 FAHET. LMPE Aete Wi A F 7t
A o E UreH AMe AC HAFHHZFALHAC network
optimal power flow; ACOPF)< &3l A9 34 7148 A4t 3t
1 PE FAHRAE Aldtste W, SR8 Al 7R FAL8AE N
HA o2 AASY L T3 W olt)

ACOPF A= t+%E v’ ¥ (nonlinear) H|ES(nonconvex)
A3l FAloln & E=EI7HA B AlZro]l Hastth shARE
w4 EYE shF A B AARE ARl A wEA E T 51\— A
ojof 3}7] wiifo] 2529 W= ISO ¥ RTOMA MFAIHE
ZIHko 2 3 gAEd DC HFZFALHDC optimal power
flow; DCOPF)< zgste] F WA WHo= LMPE A4kt
(Eldridge, 2016).
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1) DC ZFAAH23)

B 8 Sle AR AY ZF/ (Power flow)

V.o doje] B 9 At Z7](Voltage magnitude)

0. 2A 9k 24 579 HALAdAKVoltage angle difference)
B ok BA jE dAste A=Y MY 2 (Susceptance)

B.: 24 ¢} B4 j & AAs= A2 Y 2(Conductance)

o029 714 stellA AC AYE2FEEAS DC AE270A4
o7 Gedtd o v F2 7HE2 A, st A=A A (ry
< YA (ol Bls) vl 2] w2l (r; <z WEHA
G, < By FAE = At =4, 1t A=A Ao #4837
(sinf;; =0, cost; = 0,;) 2ol vwl-¢- 2tk AR, 2 2AdoA A
Ae] 71F e EF 1L.0°|tH( V= 1.0). o] 7HHLS 1 A%

BA
of EAOE {FEAHZEF Akt & s TAATA deth

23) AC ZFAAHANA DC ZFALE R 21ekslshs AN 34 Eldridge,
20162 F1& A
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e

by thee] AgsE HgEFAel AU

0.—6.) (A-2)

0, : 2 19 A3t (Voltage angle)

N
Pl=D=31P;  (A3)
j=1

Py BA 0] WAY) g2RE S8 B

i v SYPATEIAES s A A AAZE A Ak
Al BoRdo] ohd fazeEe]l HZEu] A4l Power transfer
T+ Generation sensitivity factor(GSF)

= E} PIDF RdL BE R A9 &9

g U B A=So] 4 A= ofgA BulE=A vE] At

3 HAE ZAE FYshr] ol BORHET AR o] wWE
}

o w3 A8 AgAE ARE Az el A2z A dE



Stofofe}y] Wl PTDF 2& A ARbe D2 o A%
A ko) o] &3ty Adtsi)

2) PTDFE ©]-&¢F DCOPF ZA24)

PTDFE ©]&3F DCOPF E¥2] EX39 9 AkdS 38

min. cTP (A-4)
subject to  e'(P-D) = Loss (A-5)
Loss = LF'(P-D) (A-6)

SF(P-D) < Tuax (A-7)

Prin < P < Ppax (A-8)

c(-): Hxn]g HH
P: olUA I35 HH

e: ZE Y47 19 ¥H
Loss: Als &4 ¥
LF: &4A5 WE
Pmin: H4<Y HH

=S|
Pmax: =4 HE

24) DCOPF2] AAlslol| tgt zFA¢k A2 Eugene et al. Marginal Loss
Modeling in LMP Calculation, IEEE(2004)E =& A.
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Tmax: A2 &3 ¥WH

71M BEHES (A-HE BAHES Hasse A -
g gt A AR A (A-5)= AT A9 #ﬁéﬁ% u
ERATE o]= ACOPFY BO ZRWAAE A

FEASRATE FEET 2O g Azl gleng
LMP A4t Al LMPO] 7} 78845 AL 3 ZF mAde A
LMPE W= A1ttty 5 HA Ak (A-6)2 %
A FHELAASFLE)Y BAE Yetl= Aolth Al HAl AeF
A (ATye 7 Mz B2E ZREH U2 Aore e
™ SF+ GSF(generation shift factor) ¥+ PTDF(power transfer
distribution factor)& &|v|slH deojo] mAHo HAHFUZF WStof
Yol wE dze] 2HY WsE Eath oA As)Ae 7}
A71e] 29 W92 LeiE Aol

.12

3) GSF Al4ks)

25) GSF2| Mg A4t W Soroudi(2017), p.235~246S =& 7.
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X3 =0.1pu
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1

0.2 (056,

ol YPH o Yehiw thest 2ok

Py 15 —10—>5) (%

P. -5 —4 9/\4

ojml, o] AFFEGx3)E FE BE 7Psh BAdH «
THGEE) I BRGNS Aol AFA] #AANES d&
AT

P-BO (A-9)

AREAQl D FAANA =Y 9E PE FojA AL YAEH
ZHDecision maker)A AL B HE 68 3 Aol
t. A= A3 E Be Solgdoln A Ho] EAsHA] ettt

ZH ol 7IERAY Ao we} FERAAANA Y e

b N
X [‘lo
o

o ARFOEN AAL & Ak weF 9 AN J1F
Mol 1iclehd obefe] WHA e
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(ZZ) _ ( 51 —94)‘1 (2) (0.0818 0.0364) (Pz)

0.0364 0.1273) \ P,

ered: XredPred (A'IO)
X red=Bred (A-11)
B B BYPe| /1ZRA sFshs 29t B¢ AT 3
dolt}, grek AlFo] nllY BAH-E ZFH=tH Begw (0-1)x(n-1) &
Azt o]t} o] o] ERE ALLEE XE XeB UEZ B

AU(injection)©] A

o} R E mEA
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24614 IMWe] 4

NR

BH 1IMWY A™E 9

1=}
=

o

Al
&

(A-13)

8171 SAsh ofehel

o

i A=Y 2RE WIS ALt

A6,— A9,

Afy=

7 W3 ol

o weh

3}
i

mel <5< MSAPZE WA

X/

iy

(A-14)
(A-15)

AP,

XQn
X3n
an
Xin
X
Xn* 1,n
Xn,n

jn—1

XQ,n—l
Xi’),n*l
Xm,n*l
Xi,n*l
Xzf 1I,n—1
Xnu,nf 1

X22
X32
X, .
A;Q
A%Q .

Xn* 1,2°°°

i} meA

R

°

A =X AP
A6,
Af,
A0,
A6,
A0,
A9,

A6,

A 2
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A0, =X, AP, (A-16)

A9, = X, AP, (A-17)
AX;;’NL APTTL o ‘XT]"NLAPTTL

Af ;= (A-18)

N (A-19)

<FE A-1>2 219 3524 dAdA 7] A (A-19)0l 23l Al4tE
+ GSF& Yehdt)

5= 125



-0.364
-0.636
0.364
-0.364
0.636
0.364

-0.818
-0.182
0.818
0.182
0.182
-0.182

EA (m)

1 (715

(B A-1) 32M Of|d| Shift factor AAH Zo}

=

id
1-2
1-3
3-1
32
Soroudi(2017, p244)
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EREEE
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[22! A-2] 32M AIS W 2,3 2M 22 o

Z4]: Soroudi(2017, p239)

o]¢} Zo] GSF ALk Al 7kA] EAo] gt AAE GSFE Al
k7] 91k AL HAHsE HA o] oflee Aotk 9o AAHE
2 BT AR B4 IRIEkE Ao® HAst BAV) ofd g
|4boll Bt metr Aol AlatslFan AAZE EA4 o Al
b Aeke] = A golsith. ERE GSF/E Fsldate] ¥
stk Zolth AMtE #HES 232 AT EZZX 0Tt &H<I
grolth, wrek A2 oy 294 T Ale EEZEA ¥t #
Aethd GSFo| AAte] Fasith AA, 919 AXAHELS o
oje] A9 AY &fd Wt |ERAAgA WEA BAETE
A& 7P o 71 BAdo] ofd WAy RAFTTH o] A

A AL oFgE EERxIti(Soroudi, 2017).
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4) LMP A4h296)

i A BACIA SR AR A @
23} 2,

dre o

p=c"P—A(e"(P—D)—Loss)
—7(Loss—LF*(P—-D))
—u"(SF(P—D)—T, )+ 7E. (P —P,.)
+~4T (=P +P,;) (A-20)
871 SagA e AWM (Loss)ol gk #-E#(Kuhn-

Tucker) A 213 LMP Al4HS o3 Zo] A4t

o
Loss A—T (A-21)
_ T
LMP=—=Xe—7LF + SF i
oD
= Xe— ALF+SFTu
— LMP energy _|_ LMP Loss _|_ LMP oongestion (A-22)

ool we} LMPE Tt e Al 7 TAHasE el

26) LMPS| &3 HAH tigk AAZF AW Eugene et al. Marginal Loss
Modeling in LMP Calculation, IEEE(2004)
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1) @A A7 LMP™™® = Je (A-23)

2) SHAl £4HE: LMPY™ = — ALF (A-24)
3) &7 vlg: LMpeesion = g T, (A-25)
A olvA 7HEE 7lE BA A oYX 71Ao] "t A
EAATLF) T 2 B9 g &9 oAduA Y 71E A A9
g &9 oldA dEES MRS o DAsHA He Al AA &
AdolBnZ A &4v82 ZAE 3 T dux] FUo=E Q%

ofo

F &4 g0 FHEE Judth oA toE Euge $7
% Aleke] AAZA pok GSFO FOE BEHM 2 mAlo| %7
0% 228 UAd B NS ehack

-
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